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A NEW VACUUM SOCIETY 


ARISING from the widespread use of high vacuum 
techniques for research and industrial processing in 
fields concerning almost every aspect of science and 
technology, is the problem of providing a common 
ground for the exchange of information and the 
general advancement of the subject. It was, of 
course, to meet this difficulty that in this country 
‘Vacuum’ was published, as also ‘Le Vide’ in 
France and ‘ Vakuum-Technik’ in Germany, in 
which latter two countries in fact, the need was felt 
for a specialist technical society to cover high 
vacuum techniques so that ‘ Le Vide’ is the official 
organ of the Société Frangaise des Ingénieurs 
Techniciens du Vide and ‘ Vakuum-Technik ’ serves 
a similar purpose for an association formed from 
sections of existing technical societies. 


Opinion has been gaining ground in the United 
States on the desirability of a society to deal with 
high vacuum techniques, and consequently it was 
with the greatest interest that the writer of this 
column attended the first Symposium organised by 
the Committee on Vacuum Techniques at Asbury 
Park, New Jersey, U.S.A. from June 16 - 18, for, 
in addition to a technical programme, the future of a 
permanent association was to be determined by the 
response of the delegates. 


The Symposium was the outcome of the delibera- 
tions for a year or more of interested parties from the 
manufacturers of vacuum equipment, companies 
engaged on high vacuum work, and university and 
government research workers concerned with high 
vacuum, Of the various sub-committees formed 
by the initiators of C.V.T., that for the setting up 
of standards and nomenclature under the chairman- 
ship of Dr. B. Dayton had made considerable 
progress before the Symposium and a most valuable 


draft for the proposed standards was presented. 
The importance of this standards study is now 
sufficiently recognised for it to be expected that the 
work will soon be taken up by the American Standards 
Association. During the session devoted to the 
report of the Standards Committee general approval 
was given to an international exchange of standards 
drafts before publication in the respective countries, 
so that with the standards work now proceeding in 
England, France and Germany there would seem to 
be excellent possibilities for international co-operation 
before conflicting or ambiguous terminology has 
become too firmly adopted. 


Over thirty papers were presented covering high 
vacuum techniques as broadly as possible in order to 
attract the widest possible interest. These papers, 
together with the proceedings of the Convention, 
will be published by the Committee in due course. 


The efforts of the initiating committee were well 
rewarded by the attendance of over three hundred 
delegates and by the end of the Convention one 
gained the impression of a general enthusiasm for a 
permanent organisation ; a session was devoted to a 
discussion on the future of C.V.T. and the election of 
officers. 


With the establishment of the C.V.T. in America 
and similar organisations in France and Germany, 
it may be asked whether the time has arrived to 
consider the needs for Great Britain. Perhaps, 
having regard for all the disadvantages of creating a 
specialist society in this country to deal with the 
interests of a relatively limited membership covering 
the many professions, a satisfactory alternative 
would be the creation of a combined vacuum study 
group formed from existing societies. Readers views 
on this matter will undoubtedly be of interest to 


others. A. S. D. BARRETT. 
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Dr. Koenig was born in Ansbach (Germany) in 1910. He studied physics at the technical university, 
Danzig and graduated as a Dipl. Ing. in 1933. In 1937 he was awarded the degree of Dr. Ing. Three 
years later he established himself as a lecturer at the university of Danzig where he stayed for two years. 
From 1942 to 1951 he was at the university of Géttingen as a lecturer. A year later he was appointed to 
the chair of experimental physics at the technical university Darmstadt, a position he still holds. During 
the current year Dr. Koenig holds the office of the Dean of the Faculty of Mathematics and Physics. 

In the early years of his work as a scientist Dr. Koenig was engaged in the study of ferromagnetism and 
discovered during that period a new form of ice-crystal which shows a diamond lattice. Later he turned 
his attention to the properties of thin films and surfaces which today forms his main subject and embraces 
such fields as the preparation of specimens for use in electron microscopes. Prompted by observations 
made during the preparation of carbon and platinum oxide replicas with the help of cathodic sputtering 
techniques, he started methodic investigations into the mechanism of the electrical conductivity of deposits 
originating from the reaction of residual gases with the cathode metal in sputtering apparatus. Other 
investigations of his cover studies on the harmful effects of heat and ionisation on specimens during 
observation in the electron microscope. In the course of this latter work he succeeded in converting 
carbonaceous materials into carbon in the chamber of the instrument. He also found that graphite and 
diamonds can be liquefied under electron bombardment in an electron microscope and will recrystallise 
into graphite on cooling down. 

The work of the institute under Dr. Koenig’s direction is largely devoted to the exploration of the 
properties of thin films from all angles. Data is gathered on the optical, electrical, magnetical 
and mechanical behaviour of films. All known measuring techniques are used including electron diffrac- 
tion, X-ray analysis and recording by electron micrographs. 

Dr. Koenig has established himself as a leading expert on contamination phenomena such as discussed 
in the article on the opposite page. 
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the formation of 
ADSORBED LAYERS IN VACUUM CHAMBERS 
and their detection by electrons 


H. Koenig, Dr.Ing. 


Summary 


ADSORPTION PHENOMENA in evacuated vessels are in- 
vestigated. Adsorbed layers of gas are evident in metal 
vacuum apparatus and Drechsler and Hess have shown that 
the speed of their growth can serve as a measure of the 
quality of an operational vacuum. The nature and 
properties of adsorbed layers are discussed with particular 
reference to conditions in the electron microscope and 
diffraction camera. Adsorbed layers normally originate 
from water vapour and hydrocarbons present in the residual 
atmosphere, the latter as a result of the use of greased joints 
or rubber seals in the construction of plant. 
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Sommaire 


RECHERCHE SUR LES PHENOMENES D’ADSORPTION dans des 
récipients évacués. Des couches de gaz adsorbés sont 
évidentes dans des appareils a vide métalliques; Drechsler 
& Hess ont démontrés que la vitesse de leur croissance peut 
servir de mesure de la qualité du vide appliqué. La nature 
et les propriétés des couches adsorbées sont discutées, avec 
réference particuliére aux conditions reignants dans le 
microscope électronique et les diffractographes. Les 
couches adsorbées proviennent normalement de la vapeur 
d’eau et des hydrocarbures présents dans |’atmosphere 
residuelle, la derniere resultant de joints graissés et de 
joints en caoutchouc, employés. 


INTRODUCTION 


VACUUM MEASURING plant such as electron micro- 
scopes and diffraction cameras are made from metal 
and normally fitted with oil or mercury diffusion 
pumps. In the case of the latter a liquid air trap is 
added to prevent back-streaming of the vapours 
during pumping. These instruments incorporate a 
number of moving parts required for the manipula- 
tion of the specimens, photographic plates, etc. 
Therefore, glass envelopes which are sealed off and 
baked after evacuation cannot be provided as is the 
case with oscillographs or other more intricate 
‘ electronic devices’. In plant of the type considered 
here we have to contend with large metal surfaces, 
greased joints and rubber seals. In order to minimise 
the deleterious effects of these materials one often 
substitutes substances of exceptionally low vapour 
pressure such as specially treated rubber, Apiezon 


* M.S. received October, 1953 


and Silicone greases but even then it is not possible 
to reach a vacuum better than 10-* or 10° mm. Hg 
in the chamber. It is the object of this paper to 
scrutinise the nature of the evacuated state commonly 
termed a ‘ High Vacuum’ and to describe methods, 
whereby the conditions applying after evacuation can 
be assessed with some measure of accuracy. 


ADSORPTION AS A CRITERION OF THE 
EVACUATED STATE 


The quality of the vacuum in a metal chamber 
which cannot be baked is ‘ poor’. One can realise 
that easily by looking at micrographs of the tungsten 
point source in a Mueller! field emission microscope, 
taken at various operational pressures. The instru- 
ment (Fig. 1) consists of an evacuated bulb-shaped 
glass envelope containing a fluorescent screen and 
anode. The tungsten tip K—the cathode—is in the 
centre of the envelope and held in position by 
tungsten wire formed into a loop H. (See Insert of 
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Fig. 1). As long as the 
point of the tip is still 
sharp a supply of no more 
than a few thousand volts 
will suffice to facilitate 


observation of the electron 
emission. The tungsten 
point is one single crystal 
but the work functions of 
the various planes of the 
crystal differ and accord- 
ingly the emission intensi- 
ties in the respective direc- 
tions. As a result one 
obtains micrographs of the 
type shown in Fig. 2(a). 
The quality of cold- 
cathode emission and for 
that matter the quality of 


reach a thickness, where its 
presence can be detected 
through changes in the 
emission micrographs (see 
Figs. 2(b) & 2(c), depends 
on the partial pressure of 
the residual gases and thus 
constitutes a measure of 
the quality of the vacuum. 
Drechsler and Hess? de- 
scribe a method of determ- 
ining the pressure in actual 
figures by recording the 


Screen 


changes of the emission 
pattern as a function of 
time. Calibration is car- 
ried out with an ionisation 
gauge in the range of 10°5- 
10-7 mm. Hg. With the 
help of extrapolation one 


thermionic emission are 


governed by the state of Fig. 1. Field emission electron microscope with 
surface. mesh anode. Legend: H-heater current, K-cathode assessments of pressures as 


the working 

Optimum performance 

facilitated by a perfectly 

clean surface can only be achieved in a very good 

vacuum, at pressures of 10° mm. Hg or less. Vacua 

inferior to that upset the performance because the 

emitting surface tends to adsorb some of the residual 

gas in the chamber. A study of these adsorption 

phenomena offers the possibility of reaching certain 

conclusions with regard to the state of evacuation. 
Fig. 2(a) shows the emission pattern of a tungsten 

point immediately after degassing at 3,000°K. How- 

ever, this distri- 

bution is not 

maintained. On E. Hess. 

cooling down the 

surface adsorbs 

gas from the resi- 

dual atmosphere 

in the envelope. 

The adsorbed gas 

forms a layer and 

the time it takes 

for this layer to 


tip. £. W. Mueller. 


can thus make quantitative 


low as 10°” mm. Hg in the 

field emission microscope. 

The Diagram Fig. 3 shows the regions of deficient 
electron emission in the micrograph as black areas 
arranged in a position corresponding to that of the 
planes of the tungsten lattice. The black area in the 
centre arises from the rhombododecahedral plane 
(110), from which there is practically no emission. 
The black areas nearest to the centre originate from 
directions which are normal to the deltoidicosi- 
tetrahedral planes (121), (211), (121) and (21]). On 
the right and on 


Fig. 2. Emission pattern of the tungsten tip : (2) Immediately after the left hand side 
de-gassing, (b) 40 seconds later, (c) 100 seconds later. M. Drechsler and two more black 


areas can be seen. 
Their directions 
are those of the 
cube edges 
normal to the 
cube planes (100) 
and (010). Im- 
mediately after 
degassing the sur- 
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rounding black areas are small compared with that in 
the centre (see Fig. 2a). In the course of time, how- 
ever, the four black areas related to the deltoidicosite- 
trahedral planes grow until they have the same size as 
the black area in the centre, representing the rhombo- 
dodecahedral plane. The time required for these 
developments is recorded by Drechsler and Hess and 
forms the basis of their 
method. Fig. 2(b) depicts 


ADSORBED LAYERS IN VACUUM CHAMBERS 


surface are responsible for the creation of the con- 
densation or crystallisation nuclei necessary for good 
adhesion of the film deposit. Frequently, particularly 
in the case of precious metals, it will be essential to 
provide an intermediate metal oxide layer to ensure 
firm anchorage of the metal film on the glass surface. 
Figs. 4(a) and 4(b) demonstrate the difference between 
the structure of a film 
formed on a surface free 


the stage where the small 
black areas are nearly as 
great as the central black 
area and Fig. 2(c) the stage 
where the four areas are 
slightly larger than the 
central area. In a vacuum 
of 10° mm. Hg this con- 
dition is reached after 3 
seconds but in a vacuum 
of 10°° mm. Hg only after 


f101) 


119) [010] 


from an adsorbed layer and 
that of a film formed on 
top of an adsorbed !ayer. 
Inthis experiment, an equal 
amount of lithium-fluoride 
was evaporated simultane- 
ously onto a cleaned and 
non-cleaned carbon sub- 
strate’, Fig. 4(a) shows the 
appearance of the film de- 
posited on the carbon sub- 
strate which was _heat- 


50 minutes. » | 
[211 @ [21 treated and bombarded 
EXPERIMENTAL [117] with hydrogen ions prior 
EVIDENCE OF / to the deposition process. 
ADSORPTION Fig. 4(b) shows the film 
deposited on a _ carbon 
In Vacuum Coating Fig. 3. Crystal orientation of the tungsten lattice substrate which was not 
Plant projected onto a spherical surface. K. Hecht. pre-treated in any way 


The method proposed 
by Drechsler and Hess is the first step in the direction 
of assessing the properties of a vacuum by examining 
the state of a surface of a solid and is of immediate 
interest to all concerned with the deposition of thin 
films by evaporation in a high vacuum. It is quite 
well known that normally the indication of an 
adequate vacuum in the chamber by means of an 
ionisation or Philips-type gauge is not a guarantee in 
itself for the production of good-quality films as 
required for highly mar-resistant and reflecting 
mirrors, for instance. It is necessary to heat the 
surfaces first or to bombard them with ions in a glow 
discharge in order to dislodge the layer of adsorbed 
gas. In fact, it is still debated whether discharge 
cleaning merely removes the skin of water vapour and 
other adsorbed gases or whether the ions hitting the 


and had been stored in air. 


In Vacuum Measuring Plant 


Now let us examine the behaviour of a specimen 
surface in an electron diffraction camera after pump- 
ing. Special measures for cooling the specimen are 
a great help in such investigation work. To quote an 
example : If a collodion film specimen, approxi- 
mately 100 A thick, is cooled down to liquid air 
temperature the specimen will be covered in a few 
minutes with an adsorbed layer* which electrons of 
50-100 kV intensity cannot penetrate. The forma- 
tion of the layers can be effectively counteracted by 
placing a protective hood*® ® over the specimen, the 
walls of which are kept cooler than the specimen 
itself. Fig. 5 shows an experimental arrangement® 
(operated in a vertical position with the heater 
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coil H at the lower end) which has proved very 
useful for the study of the structure of layers 
adsorbed in these conditions. The glass tube 
G1 is sealed with wax into the wall of the vacuum 
chamber of the camera and carries the hood 
made from copper, joined to the tube at V. Small 
copper pipes Tu, 10 mm. long and 2 mm. in diameter, 
are screwed into the hood. The specimen carrier 
supporting the collodion film K is seated in a 
porcelain ring P which is assembled to the hood with 
a tight fit. Its temperature can be varied by means 
of a heater coil H and can be determined with a 
thermocouple T. The glass tube G1 is connected by 
a leak-proof seal to a cross slide which can be 
operated via a bellows joint from outside, in order to 
change the position of the specimen with respect to 
the incident beam of electrons. The hood carries 
screens with apertures of a variable size. This 
. . ; facilitates a check on the growth of the adsorbed layer. 
(a) . Using very small apertures one can observe the 
growth of the adsorbed layer continuously in the 


Fig. 4. Lithium fluoride deposited on (a) a camera by watching the outlines of the diffraction 


de-gassed carbon substrate and (5) an untreated 


carbon substrate. Shadowcast with platinum. pattern. Surprisingly sharp diffraction rings® are 3 
obtained which belong to two different interference 195 
systems. One system is equivalent to that of the 


Magnification 32,000 x. (Negative photograph). 


diamond lattice, the other is orthorhombic and shows 
typical fibre orientation with the c-axis normal to the 
supporting face of the specimen carrier. The 
diamond diffraction pattern as measured photo- 
metrically, is shown in the Graph Fig. 6. The 
pattern is typical of cubic ice crystals (a=6.36 A)’, 
of a variety which is only obtained where water vapour 
is condensed at a temperature of less than -70°C. 
However, the formation of ice can be avoided 
altogether if dehydration by means of phosphorus 
pentoxide is provided or, alternatively, if the water 
vapour is trapped in activated charcoal or silicagel. 

Fig. 7 shows the photometric measurement of the 
diffraction pattern of the orthorhombic system. This 
diffraction pattern originates from deposits of hydro- 
carbon compounds orientated in such a manner that 
their long axes are parallel to each other and 
perpendicular to the plane of the support, see 
Diagram Fig. 8. This type of deposit is not a 
phenomenon peculiar to low temperatures. It is 
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Fig. 5. Hood for (Operated in an up- 
the control of the right position with 


growth of adsorbed the heater coil H at 
layers. : the lower end.) 


_ Fig. 6. Electron diffraction pattern of cubic 
ice; photometric plot magnified 7°5 x. 


pattern of | | metric plot mag- 
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Fig. 8. Orientation of hydrocarbon chains. 


J. F. Trillat. 


frequently met with in electron diffraction work when 
the specimen is at room temperature. Electron 
diffraction patterns of fatty layers like these have 
often misled the research worker in the past’, until 
in 1935 Mark, Motz and Trillart® finally identified 
them as the interference patterns of hydrocarbon 
layers. The fatty layers owe their existence to the 
fact that the use of greased joints and rubber seals in 
vacuum apparatus made from metal is still un- 
avoidable in some applications. 


Side elevation and plan view. H. Motz and 


The condensation of hydrocarbons is particularly 
conspicuous and troublesome where electron or ion 
beams or high intensity short-wave radiation are 
employed. Charged particles as well as short-wave 
radiation can cause dissociation of hydrogen com- 
pounds. The resultant polymerisation products? 
will, in turn, change to carbon!°, if heating or electron 
bombardment continues. If the intensities are 
stepped up, high conductivity graphite! is 
obtained. 


Fig. 9. Evidence of the presence of carbon layers on NaCl crystals in the electron microscope. 
(a) before and (6) after the evaporation of some of the NaCl crystals. Magnification 7,000 x. 
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THE NATURE AND PROPERTIES OF THE 
CARBON LAYER 


There is a simple way of ascertaining whether the 
atmosphere in an evacuated chamber contains residual 
hydrocarbon gases!*. A collodion film is placed on a 
specimen carrier of the type normally used in the 
electron microscope and covered with a diluted 
solution of rock salt (NaCl) in water. The solution 
is allowed to dry and then for a short period exposed 
to an electron beam in the vacuum to be tested. Slow 
or fast electrons can be used in the experiment. 
Subsequently, the crystals are dissolved in distilled 
water. If hydrocarbons are present in the chamber, 
a carbon film replicating the shape of the original 
crystals remains and can be identified in an electron 
microscope but, if the vacuum is free from hydro- 
carbons, no residual material can be traced in the in- 
strument. Figs. 9(a) and 9(b) are an illustration of this 
effect, applied to the purpose of checking the vacuum 
in an electron microscope itself. First, a picture 
(Fig. 9(a) ) was taken of the NaCl crystals. After 
increasing the intensity of the electron bombardment 
a second picture (Fig. 9(b) ) was taken. It shows that 
some of the NaCl crystals had evaporated but in their 
place we see carbon replicas of the crystals, a proof 
that hydrocarbons were present. 

This effect can become a great nuisance in the 
operation of an electron microscope. It may reduce 
the contrast in the picture appreciably, while the 
examination of a specimen is still in progress!®. In 
some cases, where during prolonged exposure in the 
microscope a carbon layer has formed on the specimen 
and contrasts have been reduced accordingly, it is 
possible to restore the original contrast quality by 
heating the specimen in air at 500°C and burning the 
carbon layer to form CO,. But these are very special 
cases. For instance, certain inorganic specimens can 
be heat-treated at 500°C (as long as they are supported 
by a quartz film) and are still usable for examinations 
in the electron microscope. Generally speaking, the 
formation of a carbon layer in electron microscopes or 
other non-bakable metal vacuum apparatus can only 
be avoided by the provision of a cooled hood as shown 
in Fig. 5 or alternatively by heating the specimen to a 


temperature above 250°C*. In the past it was the 
practice to apply cooling in order to prevent damage 
to the specimen, present trends call for heating the 
specimen to maintain good contrast. This means 
accepting the fact that organic specimens will 
carbonise in an electron microscope but at least they 
retain their original crystalline structure!+. 


i 


Fig. 10. Carbon replicas of MgO crystals, 
Magnification 27,000 x. E. Wiesenberger. 


It has been mentioned before by other workers that 
the occurrence of carbon layers offers certain 
advantages, too. Carbon layers are useful as temper- 
ature-resistant substrates in electron microscopy and 
diffraction. In addition, they are ideally suitable for 
the preparation—by a special technique—of accurate 
surface replicas of small objects which ate opaque to 
electrons in the solid state. After the formation of 
the carbon replica the original substance is dissolved 
and removed. Fig. 10 shows various phases of the 
growth of a magnesium oxide crystal which could 
only be recorded with the help of this method. The 
actual crystal was dissolved by diluted hydrochlorid 
acid and removed from underneath the carbon 


* This agrees with the results of recent investigations of A. 
E. Ennos published in B. 7. Appl. Phys., 4 (1953), 101. 


7 
. 
4 
E> 
1953 
= 
22 
we 


H. KOENIG 


replica, before a picture was taken. 

One might be led to believe that the formation of 
carbon layers during electron or ion bombardment 
could be avoided altogether, if silicon oils and greases 
were used. However, Bas!* has shown recently that 
these materials yield particularly large amounts of 
decomposition products, in spite of their low vapour 
pressures. This is due to the fact that the molecular 
association energy of some of these silicon compounds 
is appreciably lower than that of carbon compounds. 
As a result, they can be split with comparative ease 
by electrons or ions of the right velocity. 

Summing up it can be said that high vacuum 


technique has reached a stage, where good pumps and 
gauges are available for the production and measure- 
ment of high vacua in bakable chambers and plants 
but little has been done yet to satisfy the needs of the 
student of thin films. For the successful deposition 
of thin films by evaporation it is necessary to develop 
methods of pressure measurement which give specific 
information on the state ot the vacuum in the 
immediate vicinity of the surface to be coated. It is 
not enough to obtain an assessment of the pressure 
conditions in the chamber generally. The investiga- 
tion of gas layers adsorbed by the surface is but a first 
step in this direction. 
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THE USE OF GETTERS 


S. Wagener, Ph.D. 


for the production of very high vacua 


Post Office Engineering Research Station, London, N.W.2. - 


This article represents the continuation of an investigation published by the 


Vacuum, Vol. III No.7 


Electronics Division, 


author under the title ‘ The Production of Very High Vacua by the Use of 
Getters’ in the Proceedings of the Institution of Electrical Engineers, Vol. 99 


(May 1952) Part III, page 135-147, referred to as Paper I in the text. 


Summary 


THE PRESSURE in a sealed-off tube can be determined from 
two rate values, the rate at which gas is evolved from the 
tube components, and the rate at which this gas is taken up 
by the getter. Therefore knowledge of the gettering 
process should be combined with information on gas 
evolution. A brief survey of the present state of this 
information is given, showing inter alia that carbon oxides 
constitute a major part of the gases evolving in electronic 
tubes. Concerning the gettering process, the reaction be- 
tween barium and carbon monoxide is investigated in detail. 
During exposure to carbon monoxide the gettering rate 
decays rapidly from a few 1./sec. to very near zero, thus 
limiting the capacity of the getter to a fraction of 1 lu/cm’. 
This decay which is not indicated by a change in appearance 
of the getter makes the getter inefficient for other gases as 
well. The decay is thought to be due to formation of a 
protective surface film whose molecular volume is larger 
than the atomic volume of barium. The influence of 
flashing conditions and getter temperature on the decay is 
studied. It is shown that the gettering of carbon monoxide 
is irreversible between room temperature and 300°C. 
A new property of getters made of thorium powder and 
similar materials is discussed. Such materials can be used 
as ‘ Selective Getters ’ which remove oxidising gases from 
the valve atmosphere but establish a constant pressure of 
hydrogen which can be controlled by varying the tempera- 
ture of the getter and the quantity of hydrogen dissolved in 
it. Experimental evidence shows that such a hydrogen 
atmosphere at pressures of the order of 10~’ to 10-*mm. 
Hg reduces the interface resistance of oxide cathodes by a 
factor ten. 


*M.S. received October, 1953 ca 
+The author has joined the Kemet Company Division 
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LA PRESSION dans un récipient scellé peut étre determinée 
par deux valeurs dynamiques: La vitesse a4 laquelle est 
émis un gaz par les différents éléments du tube et la 
vitesse a laquelle ce gaz est absorbé par le getter. En 
conséquence la connaissance du gettering devrait étre 
combinée avec des informations sur l’évolution du gaz. 
Un bref compte rendu de I’état present de ces informations 
est donné, démontrant en passant que les oxydes carbon- 
iques constituent la partie principale des gaz évoluants dans 
un tube électronique. Concernant le procédé du gettering, 
la réaction entre le barium et le CO est étudiée en détail. 
Pendant I’exposition du monoxyde de carbone, la vitesse de 
gettering décroit rapidement de quelque I/sec. 4 presque 
zéro, de ce fait limitante la capacité du getter a une fraction 
de 1 lu/cm*. Cette détérioration, qui n’est pas indiquée 
par un changement en couleur du getter le rend inefficace 
aussi bien pour d’autres gaz. La diminution d’efficacité est 
supposée du a la formation d’une couche protectrice mince, 
dont le volume moléculaire est plus grande que le volume 
atomique du barium. L’influence d’échauffement rapide 
(flash) et de la température du getter sur la détérioration 
sont étudiés. Il est démontré que le gettering de CO est 
irreversible entre la température ambiante et 300°C. Une 
nouvelle propriété de getter fait de poudre de thorium et 
matiéres similaires est discutée. De tels materiaux 
peuvent étre utilisés comme getters sélectifs qui étreingnent 
les gaz oxydants de l’atmosphére du tube mais établissent 
une pression constante d’hydrogéne qui peut étre controlée 
en réglant la température du getter 2t la quantité d’hydro- 
gene dissoute dans lui. L’experience prouve qu’une telle 
atmosphére d’hydrogéne a des pressions de l’ordre de 10-’ 
a 1o-° mm. Hg, réduit la résistance interfaciale des cathodes 
a oxydes, selon un facteur de dix. 


of Union Carbide and Carbon Corporation, Cleveland, 
Ohio, U.S.A., in the meantime. 
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I. INTRODUCTION 


In a paper published two years ago 1°, the possi- 
bilities of producing very high vacua by using getter 
materials have been discussed. New information on 
getters has been obtained in the meantime, and it is 
thought that a second paper on this subject may be 
useful. 

As discussed in the first paper the pressure in a 
sealed-off valve or tube is determined by two physical 
entities. The first of these is the rate E of evolution 
of gas from the components of the tube whilst the 
second is the rate G at which the gas is gettered by 
the getter materials. If it is assumed that the variation 
of the two rates E and G with time is small, the 
pressure p in the tube is equal to the ratio of these 
rates. This is expressed by Equ. 1 which because of 
its fundamental importance is repeated here : 


(1) 
If, for instance, the rate of evolution is given in 
lu/sec.t and the gettering rate in 1./sec., the 
pressure is obtained from Equ. | in u mercury. 

When writing the first paper it was thought that, 
because of Equ. 1, the rate of gettering was the 
important characteristic of a getter while the getter 
capacity C (C= f pGdt, I.Equ. 2) would only become 
important with high initial pressures and large 
volumes or surfaces of the tube components. This 
view has to be revised since it has been found that 
for certain gases the capacity of the usual getters may 
be rather limited. Owing to this limitation the 
performance of a getter may be inihibited even in 
small electronic valves. 

Before giving an account of new investigations on 
the ‘ gettering side’ our present knowledge of the 
‘evolution side ’ will be discussed briefly. 


+ The unit for quantities of gas will be written as ‘I,’ 
(litres gas at one micron Hg pressure). The usual 
notation ‘ 1.1’ seems to be objectionable since it may be 
confused with the millionth part of a litre. The notation 
‘lusec’ which is used for rates of evolution in leak 
testing is not employed here because this would make it 
more difficult to recognize that the ratio between rate of 

evolution and rate of gettering gives a pressure. 


II. EVOLUTION OF GAS IN ELECTRONIC 
TUBES 


Types of Gas 


The analysis of residual gas in electronic tubes is a 
subject which is much under consideration at present. 
New methods, for instance, the application of the 
omegatron! are being tried out and will in due course 
give higher sensitivity and accuracy. There appears 
to be agreement, however, about the main con- 
stituents of the residual gas ©. These are : 

Oxygen. Oxygen may, for instance, originate 
from the dissociation of oxide layers on the 
surface of tube components. In order to give an 
appreciable oxygen pressure, however, the temper- 
ature of these components has to be fairly high. The 
dissociation pressure pp of an oxide M,,O, can be 
calculated from its free energy of formation F by 
using the thermodynamic formula : 


F 
(F in cal./mole, pp in »). As will be seen from the 
tables by Kubaschewski and Evans’ the values of 
F/n at T=1,000°K for the oxides of metals com- 
monly used in tubes (e.g. Ni, Mn, Mo, W) are smaller 
than — 30,000 cal./mole. Therefore at this temper- 
ature pp <10-7 = mm. Hg. 

Carbon Monoxide. . Smithells and Ransley" 
showed that carbon monoxide is continuously 
evolving from nickel components due to carbon 
diffusing from the interior of the nickel to the surface 
and reacting with oxygen there. Similar reactions 
will probably occur whenever free oxygen in the tube 
gets in contact with carbon, and owing to these, 
carbon monoxide will be one of the chief gases in 
tubes while any free oxygen is gradually used up 
during operation. 

Carbon Dioxide. Carbon dioxide is to be ex- 
pected in tubes operated with oxide cathodes since 
the oxide coating of such cathodes is normally made 
by dissociating alkaline earth carbonates. The carbon 
dioxide arising during this dissociation can be 
expected to react with other tube components forming 
layers of carbonates on their surface. These carbon- 


log Pp = 


ate layers, in their turn, will dissociate later on, and 
may thus provide a continuous supply of carbon 
dioxide. 

The dissociation of such carbonate layers is much 
more vigorous than that of oxide layers. This, again, 
can be seen from the free energies of formation which 
for carbonates are much greater than for oxides. 
Consequently the dissociation pressure as obtained 
from Equ. 2 will be much higher. Fig. 1 shows some 
experimental values of dissociation pressures of 
magnesium and tungsten which confirm this con- 
clusion. Extrapolation towards lower pressures 
indicates that even at temperatures as low as 400 or 
500°K carbon dioxide pressures of the order of 
10°° mm. Hg. may be expected. 

Nitrogen. Nitrogen, as shown by Norton and 
Marshall® is a chief constituent of gas evolving 
from molybdenum components. 

Hydrogen. Hydrogen is widely employed in the 
manufacture of metals used for valve components 
and in the processing of these components. All 
valve components therefore contain more or less 
hydrogen and part of this will be a constituent of the 
residual gas. 

Water Vapour. Water vapour is known to be 
given off by glass and mica and is therefore to be 
expected among the components of the residual gas. 

Hydrocarbons. Hydrocarbons, such as acety- 
lene, have frequently been observed during mass 
spectrometric investigations of oxide cathodes. It is 
to be expected therefore that such hydrocarbons will 
also be found in the residual gas of tubes containing 
oxide cathodes. 

From the gettering point of view those gases are 
most important which deleteriously affect the cathode 
of the tube concerned. It is these gases whose 
pressure must be reduced to a very low level, while 
a low residual pressure of gases not damaging the 
cathode will not give much concern. It has been 
found that the gases affecting oxide cathodes most 
severely are oxygen, carbon monoxide and carbon 
dioxide’®, Since oxygen is probably gradually 
converted into carbon monoxide it appears that CO 
and CO, are those gases which are most important 
from the gettering point of view. 
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Quantities of Gas Evolved 


Values which are found in literature for the gas 
content of tube materials vary widely. This is 
not surprising since the gas content depends to a 
great extent on the metallurgical method used for 
making the material concerned and on the prelimin- 
ary treatment applied before locating the material in 
the valve or tube assembly, such as washing, hydrogen 
stoving, vacuum outgassing, etc. If limiting ourselves 
to nickel, we see from the tables in Dushman’s book? 
that the total gas content may vary between 0.1 cm.? 
STP/g. at the maximum and 0.003 cm.*STP/g. at 
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Fig. 1. Dissociation pressure of carbonates as a 
function of temperature. (Values taken from d’ANS, Lax. 
Taschenbuch fuer Chemiker und Physiker, Berlin 1943, 
883). 


the minimum. The latter value can only be obtained 
by refined methods of producing and processing the 
material before bringing it into vacuum, as for 
instance, described in the paper by Norton and 
Marshall ®. 

What do such quantities mean for the actual 
components used in electronic valves and tubes? If 
a grid of a small repeater valve is considered which is 
built up on two nickel support rods of 0.8 mm. 
diameter and 20 mm. length, then the weight of the 
nickel is 2 X Tt 0.4% x 20 x 8.9 x 10°°~0.2 g. 
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Therefore the gas content may vary according to the 
above data from Dushman between 0.02 and 0.0006 
cm.® STP, or using the conversion factor 


1 STP = 760 


between 15 and 0.45 lu. Most of this gas probably 
is carbon monoxide. 

It has to be borne in mind that the values above 
refer to the state in which the tube components are, 
when being built into the final assembly. The 
processes to which the assembly is submitted sub- 
sequently may add to the gas content considerably. 
The components may be slightly oxidised during the 
sealing of the glass stem or button into the envelope 
and they may be contaminated with a layer of carbon- 
ate during decomposition of the oxide cathode. 
Dissociation of the oxide and carbonate films formed 
in this way, or reaction of the oxide films with carbon 
will then produce additional gas during operation of 
the tube. It will be useful to correlate the thickness 
of such films with the quantity of gas which can be 
evolved. 

If M is the molecular weight of the gas concerned, 
then M/2 mg. gas are equivalent to 58.7 mg. Ni, or 
M mg. gas to 2 x 58.7/8.9 S = 13.2/S mm. Ni, S 
denoting the surface area in mm.? of the tube com- 
ponent in question. Furthermore, 1 1 gas corres- 
ponds to M/(760 x 22.4) x 273/T mg. gas or 


273 
1 1u=5.88 x 10° mg. gas (3) 


Therefore 1 1p gas is equivalent to 7.8x10+/S x 
273/T or about 8x10*/S mm. Ni. For the grid 
considered above the surface area is S~ 100 mm.?, 
meaning that 1 lu gas is equivalent to a film of a 
thickness of only 8 x 10-* mm. = 80 A or about 20 
atom layers. A film of this extreme thinness can, 
when dissociating or reacting with carbon, produce 
as much gas as is evolved from the bulk of the 
material. This, surely, shows the importance which 
such films may have. 


Rates of Evolution 


Only very few data can be found in literature from 
which rates of gas evolution can be calculated. If 


those given by Smithells and Ransley are used, the 
rate of evolution from the support wires of a grid such 
as described in the previous section varies between 
5 x 10% and 5 x 10~ Iu/sec. at a temperature of about 
1,200°K. The temperature dependence of these 
values is determined by the diffusion of carbon to- 
wards the surface of the nickel wires, this diffusion 
depending on temperature by an exponential function 
exp. (-20,000/'T). Using this exponential function, it 
is found that lowering the temperature from 1,200 to 
750°K gives a reduction in rate by a factor 10+. At 
750°K therefore the rates of evolution to be expected 
with grids are between 510-7? and 5 x10-® lu/sec. 


Il, DECAY OF GETTERING RATES — 
EXPERIMENTAL ASPECTS 


It has been shown in Paper I!* (Table 4) that, if 
barium getters of about 10 cm.® area are used, 
gettering rates of a few 1./sec. can be obtained for 
oxygen and the carbon oxides. During exposure to 
gas, the gettering rate decays, and it is the quickness 
of this decay which is of great importance for the 
performance of a getter. Supposing that the rate of 
gas evolution in a tube is 10-*]u,/sec. which means that 
a gettering rate of 1 1./sec. will produce a pressure of 
10-* : = 10° mm. Hg then, if the gettering rate decays 
to, say, 1 cm.*/sec., the pressure will go up to 10° mm. 
Such a rise in pressure will be most decisive for the 
life of the cathode’®. For this reason the decay of 
gettering rates has been studied in much greater 
detail. 

All these investigations have been undertaken with 
barium getters made from KIC-getter wire which was 
mounted on a glass pinch. Beneath the wire a mica 
disc was located, onto which the getter could be 
evaporated by passing current through the wire. In 
experiments in which the temperature of the getter 
was varied, an S-shaped tungsten wire of 0.25 mm. 
diameter was arranged underneath the mica disc 
which could then be heated by radiant heat from the 
tungsten. The temperature of the mica and of the 
getter deposit on it was measured by means of a 
platinum /platinum-rhodium thermocouple. In order 
to locate this, the mica disc was cleaved and the 


Vol 


thermo-couple arranged between the two sheets 
obtained which were subsequently pressed together. 
After assembly of these parts the pinch was sealed 
into a wide sidetube which had been connected to the 
ionisation gauge on the right of Fig. 1 in Paper I. 
The getter area obtained in this arrangement was 
about 8 cm.?. 


The Two Types of Getter Decay 


When using the experimental arrangement in Fig. 
1 of Paper I the decay of gettering rates can be 
investigated in two different ways. The first way 
which is easier experimentally, is to establish a certain 
pressure p,,,, in the ionisation gauge on the left 
hand side and to maintain this pressure during 
measurement. Then, plotting gettering rate versus 
time, a decay curve, such as shown in I, Fig. 4, is 
obtained. For large values of G this curve also 
illustrates the dependence of gettering rate on the 
quantity of gas taken up by the getter, because this 
quantity, according to Equ.1!*, increases linéarly 
with time if G >> F and p,,,,= const. 

During such a measurement the fall in gettering 
rate causes a rise in the pressure p, above the getter. 
If this is to be avoided, the needle valve has to be 
adjusted continuously in such a way that the fall in G 
is compensated by a reduction in the pressure p,,,,,- 
Constancy of the pressure p,, however, can only be 
achieved in this manner within certain limits because 
of the time lag between the two pressures p,,,,, and 
Pp, which is due to the capillary inbetween. 

For the experiments described below the decay 
curves were measured in the manner outlined for 
Pman==const., and the pressure in the manifold 
was standardised to p,.,=4x10¢mm. Decay 
curves measured with p,= const. are described in 
Section IV, page 20. 

Concerning the decay of gettering rate, the gases 
investigated can be divided into two classes, the first 
of which is represented by oxygen, water vapour and 
hydrogen. The type of decay curve measured for this 
class is shown in Fig.4of Paper I. The gettering rate, 
at first, remains nearly constant and then decreases very 
slowly within a period of half an hour to one hour. 
This type of decay is accompanied by a gradual 
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consumption of the getter metal. The metallic 
appearance of the getter deposit disappears and is 
replaced by some milky appearance indicating that 
the getter metal is gradually converted into a chemical 
compound which probably is the oxide, the hydroxide 
or the hydride. 

The second class of gases consists of carbon 
monoxide, carbon dioxide and nitrogen. A typical 
decay curve obtained with carbon monoxide is shown 


Ba -CO 
| | 
5 10 20 
t. (MINS.) —= 


Fig. 2. Typical curve showfng rapidly decaying 
gettering rate (Ba-CO system, pressure on pump-side 
constant). 


in Fig. 2. The gettering rate falls right from the 
beginning, the fall becoming more and more rapid 
until, after a few minutes, a very small value is 
reached. During this type of decay the optical 
appearance of the getter does not change at all. Even 
after the pressure p, above the getter has become 
equal to the manifold pressure p,,,, (gettering rate 
G=O), the getter still gives the same metallic 
appearance as before exposure to gas. 

One may assume that in this case the reaction 
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between the getter metal and gas is limited to a thin 
surface layer which protects the getter from further 
attack by gas in the same way, as the oxide film on 
aluminium protects this from further oxidation. 
Some further investigations will show that such an 
assumption is justified. All these investigations have 
been undertaken with carbon monoxide which is both 
typical for this type of decay and common in 
electronic tubes. Carbon dioxide has only been used 
in a few experiments, but no indication has been 
found that its behaviour differs fundamentally from 
that of carbon monoxide. 

Before discussing further investigations it will be 
of interest to consider the practical importance which 
this second type of decay has for the vacuum in 
electronic valves and tubes. In the case illustrated in 
Fig. 2, the capacity of the getter, as obtained from 
Equ. 1'*,is C~2]u. After these 2 lu have been taken 
up by the getter, its gettering rate is very nearly zero. 

Now, the values given in Section II pages 13 and 
14 for the gas content of tube components show 
that a single grid of a small repeater valve may 
have a gas content which exceeds the value of 2 lu 
considerably, most of this gas probably being carbon 
monoxide. Therefore, if all or a large part of the 
gas contained in such a component is allowed to 
be taken up by the getter, the ultimate gettering rate 
will be very small and the residual pressure in the 
tube high. Since such conditions cannot be 
recognised by the optical appearance of the getter, 
it will be necessary to match the quantity of gas sent 
from the tube components into the getter with its 
capacity. Means for achieving this, of course, are 
adequate outgassing, either before assembly or on the 
pump before flashing the getter. 


Influence of Flashing Conditions 


If the rapid decay of gettering rate is due to 
formation of a protective film, it should be possible 
to influence the rapidity of decay by altering the 
structure of the getter deposit. The film will be less 
homogeneous and therefore less protective if it grows 
on a getter deposit which is more porous. Such a 
deposit can be obtained by altering the flashing 
conditions, for instance by an increase in temperature 


of the getter wire during flashing, giving a higher 
pressure of the barium vapour produced. 

The correctness of these deductions is confirmed 
by the experiments illustrated in Fig. 3. Here, the 
curve on the left shows the decay obtained normally 
when the getter is flashed at a temperature of about 
1,150°K and a pressure of less than 104mm. Hg. 
By increasing the flashing temperature to near the 
melting point of the iron tube containing the barium, 
the centre curve was obtained. The greater porosity 
of the deposit existing in this case has indeed 
retarded the decay of the getter. 

A much greater effect than by increasing the 
flashing temperature can be obtained if the getter 
deposit, following the example of Ehrke and Slack‘, 
is produced by evaporation in an inert atmosphere of 
higher pressure. Such a procedure gives a deposit of 
a deep black colour which indicates the high degree 
of porosity. As shown by the right hand curve of 
Fig. 3, the decay is very markedly improved by using 
this type of flashing. 


Influence of Getter Temperature 


In the experiments described so far, the 
temperature of the getter was about 60°C, this value 
being obtained by radiation from the hot filament of 
the ionisation gauge. An increase in temperature 
influences the decay curve considerably. Fig. 4 shows 
that by using a getter temperature of 160° instead of 
60°C the decay time can be increased from 5 to about 
15 minutes. 

This behaviour is easily explained by the hypothesis 


of a protective film causing the decay. Raising the . 


temperature will increase the diffusion through the 


Table I 


Dependence of Initial Value of Gettering 
Rate on Temperature 


Temperature | Gettering Rate 
cm.*/ sec. 


5600 
5400 
§250 
$300 
5800 
5200 


Vol 


3 
— 
68 
72 
202 
73 
16 
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Fig. 3. Left : Influence 
of flashing conditions on 
decay of gettering rate. 


Fig. 5. Right: Com- 
parison between rates at 
which carbon monoxide is 
sorbed and de-sorbed by 
t. (mans) —— barium getter. 
+———+ FLASHEDIN HGH WACUUM aT 1150 K 


Fig. 4. Left : Influence 
of getter temperature on 
decay of gettering rate. 


Fig.6. Right : Influence 
of heating the getter subse- 
quent to exposure to carbon 
monoxide. 
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film and will thus make it less protective. 

Another question of some importance is the 
influence of temperature on the initial value of the 
gettering rate. When measuring this, a simultaneous 
decay of gettering rate must be avoided, and hence a 
lower pressure than when taking the decay curves has 
to be ‘used. The results shown in Table I were 
obtained with p,,,,—8x10°mm. and p,=3x 
10-7 mm. Hg. 

The measured values are spread round an average 
quite at random. The deviation is about + 5% 
which is roughly the accuracy of the measurement. 
Within the limits of measurability therefore a 
temperature dependence of the gettering rate cannot 
be detected. 

A treatment of the getter deposit at a higher 
temperature might also influence its behaviour at or 
near room temperature. Supposing the deposit is 
sintered by the temperature treatment, then the 
reduced porosity should produce a more rapid decay 
of gettering rate. Treatment at 200°C for 30 


minutes, however, did not produce any appreciable 
change in the rapidity of decay. 


Irreversibility of Getter Action and 
Restoration of Getter Efficiency by Heating 


It is of considerable interest for both theory and 
practice of the gettering process whether the reaction 
between getter and gas can be reversed by a heat 
treatment or not. In order to investigate reversibility, 
the getter was exposed to carbon monoxide in the 
usual way. After the gettering rate had decayed to 
very nearly zero the gas was pumped off and the 
getter deposit was then heated up to 300°C. During 
this heating the pressure above the getter was 
measured continuously and from this pressure, as 
described in Paper I'®, Section 4, the rate of evolution 
of gas desorbed from the getter could be calculated. 

Fig. 5 illustrates the results obtained. The upper 
curve gives the rate of sorption of gas during gettering 
whilst the lower one indicates the rate, at which gas is 
desorbed subsequently. Even at the beginning of 
heating, the rate of desorption is about 100 times 
lower than the rate of sorption. The total desorbed 
quantity Q is less than one thousandth of the quantity 


of gas C sorbed during gettering. Practically, 
therefore, desorption is negligible. 

If the gettering action were due to a process of 
physical adsorption, one would expect all the gas 
adsorbed to come off at a temperature of 300°C. The 
conclusion, therefore, is that the gas particles are 
bound chemically to the getter by a process of chemi- 
sorption. This process builds up the protective film 
at the surface of the getter until the gas particles can 
no longer contact the getter metal. 

Since, when heating the getter, the particles 
constituting the film, are not released into the vacuum, 
one will expect them to move into the interior of the 
getter deposit by diffusion. That this is so can be 
shown by exposing the getter to gas a second time, 
after measuring a decay curve and heating sub- 
sequently. 

Fig. 6 shows the result obtained. During initial 
exposure the gettering rate fell to zero in the usual 
way. After heating the getter for 10 minutes at 
200°C, the gettering rate has been partly restored 
because part of the material forming the protective 
film has been removed by diffusion. This behaviour, 
of course, is another proof that the assumption of 
such a protective film is correct. 


Effect of Exposure to Carbon Monoxide on 
Efficiency for Other Gases 


So far it has been tacitly assumed that the getter is 
only exposed to one gas at the time. This assumption, 
of course, is not realised in practice where a mixture 
of quite a number of gases will be in contact with the 
getter in almost all cases. 

Supposing the getter is exposed to one of the carbon 
oxides and the gettering rate for these gases decays as 
illustrated in Fig. 2. What will be the effect of this 
decay on the gettering rate for other gases present in 
the valve atmosphere ? This question was answered 
by first measuring the gettering rate for oxygen, then 
exposing the getter to carbon monoxide until it had 
decayed completely and subsequently measuring the 
rate for oxygen again. Table II shows the result 
obtained. 

It is clearly seen that the decay for carbon mono- 
xide also produces a strong decay for oxygen. 


Obviously the protective film which is formed at the 
surface of the getter during exposure to CO protects 
the getter from attack by oxygen. This result, of 
course, is of considerable practical importance, 
because it shows that a getter which has been affected 
by an overdose of carbon oxides becomes ineffective 
for other gases as well. 


Table II 


Effect of Exposure to Carbon Monoxide 
on Gettering Rate for Oxygen 


Time |GastoWhich| Gettering 
mins. Exposed |Rate cm.*/ sec. 

QO, 660 

2 O, 699 

fe) CO 3350 

53 co 

fe) O, 30 

5 O, 5 


Gettering without Electronic Discharge 


All the observations described above were made 
with ionisation gauges in which the gas was exposed 
to an electronic discharge. Investigations not 
employing an electronic discharge, have been under- 
taken by Japanese investigators during the last years. 
For the pressure measurements Pirani gauges have 
been used and consequently the pressure range in 
which the measurements have been performed is 
much higher, of the order of 10°*mm. Hg. 

Values of gettering rates have only been reported 
in one of these papers. Kobayashi and Furaya® give 
values between 3 and 26 cm.*/sec. per cm.? getter 
area for oxygen which compare with an average 
gettering rate of 100 cm.*/sec. per cm.” measured by 
means of ionisation gauges (See Paper I'* Table 4). 

A number of papers by Arizumi and Kotani” has 
been devoted to investigations of carbon monoxide. 
These authors also find that at temperatures near and 
above room temperature the gettering action of 
barium on carbon monoxide is irreversible. Like- 
wise, heating their getters after exposure to gas 
produces recovery. A result differing from those 
presented here, however, is obtained when their 
getters are heated previous to exposure. In this case 
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the efficiency of their getters decreases while, within 
the limits of experimental error, no such effect was 
observed by the author (see page 18). This, of 
course, may be due to differences in the method of 
preparing the getter deposits. 


IV. DECAY OF GETTERING RATES— 
THEORETICAL ASPECTS 


Two types of decay of gettering rate were described 
in Section III, page 15 and 16, one slowly and the 
other one rapidly decaying. In order to explain this 
different behaviour it was assumed tnat with the 
second type a protective film is formed on the surface 
of the getter preventing further attack by the gas, while 
with the first type such a film is missing. The occur- 
rence or non-occurence of such protective films is 
assumed in the theory of oxidation of metals in order 
to explain differences in resistance to oxidation (e.g. 
Kubaschewski and Hopkins’). It is shown in this 
theory that the existence of these films depends on 
the values of the densities of the metal on one hand 
and of its product of reaction with oxygen on the other. 
If applying this assumption to the behaviour of 
barium getters during exposure to oxygen, we have 
to compare the density of barium (5 = 3.6) with that of 
barium oxide (5 = 6.05). Using these values, one 
sees that a gramme-atom A of barium occupies a 
volume A/8 = 137.4/3.6 = 4.05 cm.* which during 
exposure to oxygen is converted into a mole M of 
barium-oxide occupying M/5 = 153.4/6.05 == 2.54 
cm.°, During exposure to oxygen therefore the 
volume which is available for the barium is consider- 
ably reduced. Consequently the oxide film on top of 
the getter has to contract, and cracks are formed as a 
result of this. Through these cracks gas can further 
attack the underlying metal and the film cannot 
become protective. Hence the attack of oxygen on 
the getter proceeds until all the metal is consumed. 
The opposite case to this exists if the molecular 
volume of the surface film is larger than the atomic 
volume of the metal. Then, instead of contracting, 
the film has to expand. No cracks will occur, and the 
film will be able to protect the metal from further 
attack. It is assumed that such conditions exist when 
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Fig. 7. Gettering decay curves for constant pressure 
above the getter. 


barium is exposed to the carbon oxides. This 
assumption, of course, can only be proved after the 
composition of the film formed from the carbon 
oxides and barium has been found. 

Arizumi and Kotani* have explained their results 
by the assumption that the carbon monoxide particles 
are absorbed in defects of the crystal lattice of the 
getter deposit. Such an assumption would not 
explain that a getter decaying for carbon oxides 
becomes ineffective for oxygen as well (Section III, 
pages 18 and 19). Since the decay for oxygen is of 
another type than that for carbon oxides, the take-up 
of oxygen should not be affected by the occupation of 
the defects. The hypothesis of formation of a pro- 
tective film, however, explains this result and all 
others described in this paper. 

For a theoretical investigation of getter decay the 
pressure p, above the getter should be kept constant 
during measurement of the decay curve (Section III. 
page 15). A number of such curves has been 
taken in the course of these experiments, two of them, 


obtained at different temperatures, being shown in 
Fig. 7. As to be expected the decay is considerably 
delayed by maintaining the pressure above the getter 
at its low initial level (see Fig. 4 for comparison). 


V. SELECTIVE GETTERS 


While the previous Sections were concerned with 
flash getters, mainly barium, we shall now discuss a 
special feature of coating getters, such as thorium 
powder (Paper I'®, Section 2), which may be of some 
practical importance. The properties of thorium as 
a getter have been dealt with in detail in a recent 
paper'® It has been shown there, that thorium 
chemisorbs oxygen and other oxidising gases in a 
similar way as barium, but that its behaviour towards 
hydrogen is very different from that of barium. 
Hydrogen is dissolved in thorium; a measurable 
equilibrium pressure of hydrogen exists above the 
thorium, this pressure depending on the temperature 
of the thorium and quantity of hydrogen dissolved. If 
the dissolved quantity is denoted by q (units 1u./mg.) 
the pressure is given by the formula 

Pu,=Kqe" (4) 
where R is the universal gas constant, H the heat of 
solution of hydrogen in thorium and K a constant. 
The approximate values of H and K are 

H ~ 13.5 kcal/mole 

According to Equ. 4 the equilibrium pressure can 

be adjusted within wide limits by varying the 


Fig. 8. Tube used for studying the effect of thorium 
as a_ selective getter. Legend: 1—Ion Collector, 
2—Suppressor, 3—Anode, 4—Screen Grid, 5—Cathode. 
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Fig. 9. Pressure in tubes, containing barium and 
thorium getters, as a function of time (temperatures indicated 
refer to anode). 


Fig. 10. Pressures in tubes containing thorium getters 
as a function of time. 


temperature of the thorium and the quantity of 
hydrogen dissolved. If for instance T—750°K and 
q = 10°? lu/mg., then py ~2 x = 2 x 10%mm. 

This equilibrium pressure, once established, will be 
maintained at nearly the same level in spite of possible 
‘losses of hydrogen to glass walls and other com- 
ponents of the tube, because the thorium acts as a 
reservoir for hydrogen. Supposing that the weight 
of the thorium powder is w =10 mg. and that the 
volume of the valve or tube is V= 0.051, then the 
total quantity of hydrogen dissolved in the thorium is 
w x q =10"'In, while the quantity of hydrogen in the 
vacuum space of the tube is pxV=10*lu. The 
dissolved quantity therefore is about a thousand 
times larger than the quantity existing in the vacuum 
space which indicates the extent to which the thorium 
can act as a reservoir. 

It is suggested that a getter which reduces the 
pressure of some gases to an unmeasurable level 
while maintaining a certain pressure level of another 
gas, should be called a ‘ selective getter’. If the gas, 
the pressure of which is maintained, is hydrogen, the 
atmosphere produced in the tube or valve will be 
reducing. This, as shown below, may have certain 
advantages for the performance of a valve. 

The deductions above have been checked experi- 
mentally by using a combination between an 
electronic valve (tetrode) and an ionisation gauge of 
the suppressor type. This hybrid tube which is a 
miniaturised version of that in Paper I'® Fig. 12 is 
shown in Fig. 8. The tubes used for measurement 
were supplied with thorium getter on the anodes. 
They were pumped on a two-stage diffusion pump 
and submitted to the usual processes, baking, 
decomposition of oxide cathode and r.f. heating. 
After sealing-off the pump, the tubes were first run 
with an elevated anode temperature and subsequently 


Fig. 11. Pressures in tubes containing thorium getters 
as a function of time (extended period). 
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put on normal operation. 

Fig. 9 shows the pressure as a function of time for 
tubes containing both thorium and barium getters. 
In this case an equilibrium pressure of hydrogen 
cannot be established because the hydrogen is 
continuously pumped into the barium. Within a few 
hours the pressure falls to a level of 10-*mm. which 
is the sensitivity limit of the gauge. The time 
required for this fall depends on the length of the 
period during which the anode has been run at the 
elevated temperature. 

In Figs. 10 and 11 the pressure curve for a tube 
containing thorium and barium getters (denoted by 
B) is compared with three curves measured for 
thorium getters only (denoted by TI... HII). In 
these latter tubes, the anodes, carrying the thorium, 
were heated on the pump for different periods in order 
to vary the quantity of hydrogen left dissolved in the 
thorium after pumping. It is seen that the pressure 
obtained in these tubes levels out after a few hours 
and that the final level is maintained for as much as 
3,000 hours (Fig. 11). The height of the ultimate 
level depends on the quantity of hydrogen left 
dissolved in the thorium, this quantity increasing in 
the sequence from TI to TIII. With TI the quantity 
of hydrogen left was too small to maintain a measur- 
able level after about 100 hours. 

The effect of such a reduced atmosphere on valve 
characteristics was studied by making pentodes in the 
same way as tubes of type B (with barium getters) 
and TII (without barium getters). A marked effect 
on the resistance of the interface between core and 
coating of the oxide cathode!’ was observed, the 
resistance of valves without barium getters, measured 
after 10,000 hours life, peing lower by a factor 10. 
Obviously the hydrogen atmosphere in valves made 
without barium getters prevents the interface from 
collecting oxygen and thus increasing its resistance’. 

This dependence of interface resistance on com- 
position of the valve atmosphere may be the cause of 
some of the widely varying results obtained in 
measurements of interface resistance. Utilisation of 
this result in practice, of course, may be rendered 
difficult by the occurence of other faults produced by 
the hydrogen atmosphere. 


VI. CONCLUSIONS AND FURTHER 
OUTLOOK 


The behaviour of a getter is described by the value 
of its gettering rate and by the variation of this rate 
with time. The higher the gettering rate at any time 
of the life of a tube or valve, the lower the gas 
pressure in this tube will be. The attainable rates of 
a few l./sec. are a unique feature of gettering, 
distinguishing this type of pumping from that 
obtained by the electrical clean-up in ionisation 
gauges which has recently been described by Alpert’. 

The rate of clean-up G, in an ionisation gauge can 
be obtained by combining Equ. 11° with the number 
of ions constituting the positive ion current of the 
gauge. If assuming singly charged ions : 


It I+* 
=176- (5) 


G, = 
10! x 1.60 x 107 p 


Since the ion current is proportional to pressure p 
and electron current I, 


G = 176 C* lq cm.*/sec. (6) 


By introducing average values of C* and I, of 
ionisation gauges (for instance C* = 10, I, = 0.005 
amps }») itis seen that G,, is of the order of 0.01 1./sec. 
This agrees with values determined experimentally. 

When using electrical clean-up for pumping 
therefore, only one hundredth of the pumping speed 
available with getters is obtained. Hence, either 
rates of evolution of gas must be 100 times smaller, 
or the pressure will be 100 times higher than when 
employing getters in their optimum state of activity. 

As shown in Section III, the getter may be spoiled 
during preparation of the tube by exposure to an 
overdose of carbon oxides. If this happens, the 
gettering rate may become equal to, or smaller than, 
the rate of electrical clean-up in the tube. The 
critical dose, necessary for this, greatly depends on 
two factors which are not well controlled during 
normal manufacture of valves, namely on the 
structure of the getter deposit and on its temperature. 
This dependence may be the cause of some, so far 


* for T = 273°K, I* denoting the ion current. 
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unexplainable, variations in quality of electronic 
valves occurring in different periods of manufacture. 

There are some further points requiring more 
detailed research. Measurements have so far been 
extended to pressures down to 10-° mm. Hg which is 
the sensitivity limit of the suppressor gauge employed. 
By using the gauges with thin filament collectors 
developed by Bayard and Alpert! it should be possible 
to extend the pressure range to at least another two 
decades lower down. It will then be possible to see 
whether at these lower pressures there is any limita- 
tion of getter action due to the dissociation pressure 
of the reaction products between getter and gas. No 
indication of this has been found so far. 
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Clarification of the mechanism on which getter 


action is based will be helped greatly by an investiga- 
tion of the crystal structure of the getter surface before 
and after exposure to gas. This would also give more 
information on the protective films formed during 
exposure to carbon oxides. Because of the thinness 
of these films, electron diffraction will probably be 
required for such studies. 
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COLD CATHODE IONISATION GAUGES 


for the measurement of low pressures 
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Summary 


COLD CATHODE IONISATION GAUGES in which the discharge 
is maintained in an axial magnetic field provide a convenient 
and rapid means of measuring pressure in the range 10~* to 
10°‘ mm. Hg. These instruments are simple to make and 
operate and it is virtually impossible to damage them. 
With such a gauge, measurement of pressure is effected by 
a robust pivot-meter which measures a current of ions 
formed by electron bombardment. Primary electrons are 
released by cold emission from a pair of cathodes and many 
secondary electrons are generated by the ions themselves. 
The magnetic field causes the electrons to move in tight 
spirals to and fro between the two cathode plates. In this 
way the number of ions per electron, between initial 
emission and eventual escape from the discharge to the 
anode, is much increased. A review is given of the con- 
struction, characteristics and performance of various types 
of cold cathode gauge. The influence is reported of size 
and shape of the electrodes, of applied voltage, of magnetic 
field and of the nature of the gas. Reference is made to the 
performance at relatively high pressures (10-? to 10° mm. 
Hg). Attention is drawn to the generation of radio fre- 
quencies by cold cathode gauges. 


Department of Physics, 
The University, Sheffield. 


Sommaire 


LE MANOMETRE A IONISATION A cathode froide, dans lequel la 
décharge est maintenue dans un champ magnétique axial, 
est un moyen pratique et rapide de mesurer des pressions 
entre 10°? et 10°? mm. Hg. Ces instruments sont simples 
a construire et on peut presque jamais les endommager. 
Avec une telle jauge la lecture se fait sur un instrument a 
pivot, robuste, qui mesure le courant ionique formé par 
bombardement électronique. Des électrons primaires sont 
libérés par émission froide au depart d’une paire de 
cathodes, et de nombreux électrons secondaires sont 
générés par les ions eux-mémes. Le champ magnétique 
oblige les electrons 4 se mouvoir en une spirale serrée de et 
vers les plaques cathodiques. De cette fagon le nombre 
dions par électron, entre l’émission initiale et l’échappe- 
ment final vers l’anode, est fortement augmenté. L’on 
passe en revue la construction, les characteristiques et 
performances de differents types de jauges a cathode froide. 
Les auteurs rendent compte de influence de la forme et 
des dimensions des électrodes, de la tension appliquée du 
champ magnétique et de la nature du gaz. Ils se référent 
a la performance sous pressions relativement élevces (107? 
a1o-*mm. Hg). Ils attirent l’attention sur la génération de 
frequences radio par des jauges a cathode froide. 


INTRODUCTION 


VACUUM GAUGES which operate electrically have 
several attractive features compared with other 
gauges, not the least of which is that they can 
conveniently be controlled from a distance; they are 
easily degassed and are not a source of contamination. 
In ‘ jonisation gauges ’, suitable for the measurement 
of pressures less than 10-° mm. Hg, the ion current, 
established by an appropriate voltage, is used as a 
measure of pressure. Electrons, X-rays and alpha- 


*M.S. received December, 1953. 


particles have all been used to ionise the residual gas. 

In the earliest and simplest ionisation gauges, as 
developed by Dushman and Found! and Misamichi 
So*, electrons are supplied by thermionic emission 
and the relatively large electron currents are of the 
order of several milliamperes. The pressure is 
indicated by the positive ion current, of the order of 
a microampere or less, flowing to an electrode 
maintained at a potential which is negative with 
respect to the cathode. A hot cathode is easily 
damaged by electrical or mechanical mishandling and 
is easily poisoned; failure of the vacuum may destroy 
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the filament. The gauge must therefore be accessible 
and so fitted to the system that the cathode can be 
replaced simply and rapidly. 

These disadvantages are not present in cold 
cathode gauges. The primary electron current, 
drawn from the cathode by cold emission under a 
relatively high electrostatic field, is small. The gauge 
must therefore be designed so that each electron has 
a much greater chance of ionising a gas molecule 
than in a thermionic gauge. This is achieved in two 
ways, by applying an axial magnetic field which 
causes the electrons to travel in spiral tracks and by 
employing two cathode discs between which the 
electrons move to and fro. Various arrangements of 
the electrodes are illustrated in Fig. 1. The ion 
currents are relatively large and are measured by 
robust, pivoted meters. 

The present purpose is to review the performance 
of cold cathode gauges since they appear to be less 
popular than their great practical value warrants. 
Such gauges may be used to give a direct indication 
of pressure over the range 10-? mm. Hg to 107 mm. 
Hg. They are simpler and easier to construct than 
thermionic gauges, are practically indestructible and 
unaffected by application of the high voltage even at 


Possible arrangements of electrodes. 


F. M. Penning.* 


atmospheric pressure. However, sputtering may 
cause electrical leakage if steps are not taken to mask 
the leads and the discharge causes some decom- 
position of oil vapour. It is advisable to clean the 
electrodes occasionally. If the pressure is too low 
the arc will not strike so that the lowest practical 
pressure at which the gauge may be used is somewhat 
larger than this critical pressure. Means of over- 
coming this are discussed in the text. 

Certain workers view all ionisation gauges with 
suspicion. The objection is based on the considera- 
tion that an ion current necessarily removes gas from 
the system so that the behaviour of the gauge must 
necessarily be associated with a pumping action. The 
argument concludes that the pressure recorded by 
the gauge is lower than that which exists in the 
system. Without examining methods used in 
calibrating, two points may be made. Ina system of 
small volume the gauge is an integral part of the 
system, the pumping action assists evacuation and the 
‘effective pressure’ in the gauge is that of the 
system. The criticism may be valid in the case of a 
large volume if the gauge operates at the end of a side 
tube and not directly in the pump line. Errors occur 
with any gauge under these circumstances’, The 
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relevant pressure can only be recorded, whatever 
gauge is used, if it is placed directly in the enclosure 
studied or in the pumping line close to the vessel. 
If this is done the action of the gauge assists the 
pumps. If the geometric arrangement is poor an 
ionisation gauge may be misleading; so will any other 
gauge. 


THE COLD CATHODE GAUGE 
OF PENNING 


The usual means of increasing the effective path of 
an electron between the cathode and the anode, by 
applying a magnetic field, was first used in 1934 by 
Gaede* in a thermionic gauge; it was also used in 
1937 by Penning? in his first cold cathode gauge. 
Two cathode plates and a single anode are so arranged 
that it is possible for the electrons to oscillate to and 
fro between the cathodes. The arrangement is 
illustrated in Fig. l(a). The magnetic field is applied 
parallel to the axis to prevent the electrons moving 
directly from the cathode to the anode; they move in 
tight spirals between the two negative electrodes. An 
electron moving with a total energy of even 2 kV in a 
field of 1,000 oersted moves in a spiral, the radius of 
which is a fraction of a millimetre. 

Stability of the discharge is achieved by using a 
large series resistor. This resistor plays an important 
part. If for any reason the current through the gauge 
falls, the effective resistance of the gauge increases 
and consequently the voltage across the discharge 
increases. The current then rises because of the 
increase in voltage and to some extent the discharge 
is self-stabilising. The ‘ballast resistor’ also 
prevents the flow of excessive currents. 

Different modes of oscillation may take place 
between the cathodes. This is revealed by sudden 
small changes in the current which are accompanied 
by changes in shape of the glow between the elec- 
trodes. Below a certain pressure, characteristic of a 
particular gauge, the glow discharge ceases and the 
current falls to zero. At pressures just above this 
critical or ‘ cut-off’ pressure the discharge is not 
immediately established when the voltage is applied. 
Once the discharge strikes, it continues so long as the 


pressure remains above the critical value. There is, 
similarly, a critical or ‘ cut-off’ voltage and a critical 
or ‘cut-off’ magnetic field. If one of the three 
parameters, pressure, voltage or magnetic field, is 
reduced, the current falls to a very small but finite 
value; further reduction causes the discharge to cease 
altogether. 

These phenomena are closely related. The small 
primary flow of electrons generated by cold emission 
is much enhanced by secondary electrons released in 
the process of ionisation and by ionic bombardment 
of the cathodes. The glow discharge at any given 
pressure resembles that at much higher pressures 
with no magnetic field. The generation of ions by the 
collision of ions with gas molecules is not large®; most 
ions are formed by the collision of electrons with 
molecules. The most important influence of the 
ions, with a small ratio of charge to mass, is to reduce 
the effective space charge between the electrodes and 
so to modify the field distribution. Even with applied 
voltages of several kilovolts the field within the dis- 
charge is small®. At low pressures the number of 
primary electrons from cold emission is virtually 
independent of gas pressure; the number of 
secondaries, arising from ionic bombardment is 
directly controlled by the gas pressure It follows 
that the variation in the ion current with pressure is 
largely determined by the emission of secondary 
electrons. 

The arrangement of the magnetic field and of the 
electrodes is designed to ensure that the path of the 
electrons is long so that once an electron is released in 
the discharge it shall produce many ions before 
escaping to the anode. ‘A high concentration of 
electrons in the discharge is a necessary condition for 
a large ion current and the importance of the release 
or escape of electrons to the anode lies in its influence 
on this concentration. If no electrons escaped, 
clearly a cascade process would be set up until the 
current was limited only by the ballast resistor and 
was independent of pressure. In practice, the cas- 
cade builds up until an equilibrium is established. 
Maintenance of the discharge is determined by the 
rate at which electrons, and therefore ions, are released 
at any instant by the electrons already present. The 
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observed influence on the ion current of such para- 
meters as the field strength arises in this way. If 
electrons are free to pass directly to the anode, that is 
to ‘escape ’, the probability of ionisation is low and 
the sensitivity is poor. As the pressure is reduced 
there comes a stage when the rate of production of 
secondaries is no longer adequate to compensate for 
the rate at which electrons escape. Immediately this 
stage is reached the ‘ cascade ’ decays and the current 
falls to a very low value which must be of the order 
of the current carried by the primary electrons and 
their associated ions. Since this current is very small, 
it is clear that the discharge current is, in effect, a 
measure of the pressure. 

Reduction of the magnetic field or the electric field 
increases escape of electrons; hence it is clear that 
there is a critical magnetic field and a critical voltage. 
In the case of the latter there is also a direct effect on 
the primary electron current. It should be noted that 
although the field distribution in the case illustrated 
in Fig. l(a) discourages escape of electrons, the 
sensitivity is improved with a cylindrical anode, 
Fig. 1(b), z.e., fewer electrons escape, but the improve- 
ment is limited. If the pressure, voltage or magnetic 
field be reduced below the critical level so that the 
discharge ceases, and is then raised just abové this 
‘ cut-off’, the discharge may not strike since the 
initial supply of ions and consequently of secondary 
electrons may be insufficient. Increase in the back- 
ground ionisation by a radioactive contaminant on 
the electrodes, by a sharp point on one of the cathodes 
or by a ‘starter’ filament may be large enough to 
ensure reliable and reproducible striking of the dis- 
charge. Such techniques have a marked influence on 
the regularity with which the gauge strikes, they have 
little bearing on the sensitivity. 

Once the discharge is established, the primary 
current is not important. The rate of escape of 
electrons depends only on the electric and magnetic 
fields and the geometrical arrangement of the elec- 
trodes. It is confirmed by reports”* and borne 
out by our experience that the materials used in the 
construction have little influence on the performance 
during the discharge. It has been shown’ that the 
rate at which electrons escape exceeds that which 
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can be explained by simple collision of electrons with 
gas molecules. Random, transient electric fields 
present in the discharge lead to oscillations of the 
electron-ion plasma in the arc. The fields associated 
with such oscillations are responsible for moving 
electrons across the magnetic field. These oscillations 
are an essential feature of discharges in a magnetic 
field and may be detected by probes or coils. 

In the following sections many of the practical 
features and the performance of these gauges are 
discussed and these general commenis are illustrated 
in detail. 


GEOMETRY AND ARRANGEMENT 
OF THE ELECTRODES 


There are several possible systems of electrodes 
suggested by the requirements outlined in the 
previous section. The three arrangements proposed 
by Penning‘ are shown in Fig. 1 of which Fig. 1(a) 
illustrates the earliest form of gauge used. In this, 
the magnetic field was supplied by a permanent 
magnet, the cathodes were small rectangular or 
circular metal plates and the anode was a ring of wire. 
It has been suggested® that if the cathodes be extended 
until they ‘ overlap’ the anode, the effect of slight 
variations of the magnetic field is reduced. In some of 
the commercial variants this has been elaborated by 
having cathodes in the form of a metal box surround- 
ing the ring anode. The precise dimensions of the 
electrodes are not of great importance; the larger the 
electrodes, the larger the ion current. The ion 
current depends on the volume available for ionisa- 
tion; it is roughly proportional to the distance 
between the cathodes. It is also roughly proportional 
to the diameter of the anode ring. A typical gauge 
of this form would have circular cathodes about 14 
inch. in diameter, 1 inch apart, and an anode-ring of 
1 inch diameter. 

A modification in which the ring anode was 
replaced by a metal cylinder of similar diameter was 
suggested by Penning and Nienhuis’® and also by 
Hayashi and his co-workers!?; it is illustrated in Fig. 
1(b). The metal cylinder extends almost to the cathode 
end-plates so that the ‘ escape’ of electrons is less 
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than with a ring anode; consequently, at any pressure, 
the ion current is larger. The narrow gap between 
the rims of the anode and the cathode plates leads to 
an increased electrostatic field and hence the primary 
current is larger. Consequently the critical or ‘ cut- 


off’ pressure is lower than in the case of a similar 
gauge with a ring anode. Versions of this gauge with 
anodes as large as ten centimetres in diameter have 
been described by the Japanese’! but the various 


Fig. 2. Effect on the ion current of varying applied 
voltage (d.c.). Ring Anode. 


possible modes of oscillation make gauges of this size 
somewhat unreliable. Leck at Liverpool University 
and Bloomer at the A.E.I. Laboratories, Aldermaston, 
have both concluded the model of Penning and 
Nienhuis was the best compromise between 
sensitivity and stability!?. 


THE ELECTRICAL PARAMETERS 


The Voltage 


Each of the gauges illustrated in Fig. 1 shows a 
similar variation of current with applied voltage; 
Fig. 2 was obtained with a gauge of the earlier form 
of Fig. l(a). The sensitivity of the gauge is increased 
by increasing the applied voltage, as one would 
expect, but the variation of ion current is not linear 
and above a certain voltage the discharge becomes 
unstable. For instance at a pressure of 5 x 10° mm 
Hg the discharge and the current remain stable up 
to4kV. A similar curve, Fig. 3, shows the behaviour 
of gauges with the cylindrical anode jllustrated in 
Fig. 1(b). In such gauges the voltage at which in- 
stability of the discharge becomes prohibitive is 
greater. 

The stability of the discharge draws attention to a 
second merit of the cylindrical anode; it has already 
been noted that the sensitivity should be greater 
because the leakage of electrons is reduced. Changes 
in the modes of oscillation are responsible for in- 
stability of the discharge as may readily be verified 
by examining its changing appearance. Within a 
cylindrical anode the field is sensibly uniform while 
with a ring anode there will be small but appreciable 
gradients along the axis, even when the discharge 
operates. Increasing the voltage has a significant 
effect on the field gradient in the latter case but little 
in the former. Such distortion or change in the 
gradient excites higher modes of oscillation with 
consequent changes in the current. The primary 


Fig. 3. Effect on the ion current of varying applied 
(d. c.). Cylindrical Anode. 
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Fig. 4. Effect on the ion current of varying applied 
voltage, showing the behaviour of the same gauge using 
alternating and direct voltages. 


effect of increasing the voltage applied to gauges with 
a cylindrical anode is to increase the gradient in the 
immedjate neighbourhood of the cathodes; the 
consequent increase in the cold emission has a 
stabilising influence on the discharge. 

The measurements reported above were made 
using d.c. voltages. Since electron oscillations occur 
only if the end plates are at a negative potential, 
clearly the gauge will act as a rectifier if an alternating 
potential is applied to the electrodes. The gauge 
operates during that proportion of the correct half 
cycle in which the voltage exceeds the critical value 
for the pressure concerned. Moreover, during the 
other half cycle the polarity is such that ions are 
swept out of the field. At low pressures the 
phenomena associated with ‘delayed ignition’ 
referred to above, become more important and the 
discharge is extinguished at higher pressures than 
under d.c. operation. In our experience the 
sensitivity of a gauge operated on a.c. is much less 
than that of the same gauge operated on d.c. and 
the critical pressure is greater by a factor of about 
five. Fig. 4 shows the variation of current with 
voltage for the same gauge using d.c. and a.c. 
There are certain advantages associated with a.c. 
operation. The power unit is simpler and the 
precautions to limit leakage are less stringent so that 
the design and construction are a little simpler. 
Leakage leads to an a.c. current while the meter 
recording ion current responds only to d.c.1%. 

Save under exceptional circumstances it is prefer- 
able to use direct rather than alternating voltages. 
An exception must be made in the case of gauges 
designed for use at pressures of 10° mm. Hg or 
greater. These are considered later. 


The Magnetic Field'* 
It appears from Fig. 5 that, under the conditions 


Fig. 5. Effect on the ion current of varying the 
magnetic field. ‘The Inset shows the shape near the 
maximum. The detail in this region is sensitive to changes 
of voltage and pressure. Cylindrical Anode. 
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specified, the discharge will not strike if the field is 
less than about 300 oersted. With low fields the 
performance is erratic; oscillation may occur in more 
than one mode and transition from one mode to the 
other is irregular. For reliable operation, fields of 
the order of 1,000 oersted should be used. 

Changes in the mode of oscillation, irregularities 
of the field or small changes in the voltage rarely 
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Fig. 6. A typi- 
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cold cathode gauge. 
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cause changes in current which exceed a factor of 
two. In most applications vacuum gauges are used 
to indicate the pressure range and for this purpose 
such variations are not important. For the same 
reason the magnetic field is not critical, though it 
should clearly exceed the value which corresponds 
to the maximum ion current. This depends on the 
geometry of the gauge and differs slightly for the 
three types shown in Fig. 1. Greater accuracy can 
be obtained, if necessary, by stabilising the electrical 
parameters. 

The small irregularities revealed in Fig. 5 have no 
significant bearing on the performance but they are 
remarkable in that the changes in slope, a, b, c, d, e 
occur at values of the field strength which are 
independent of pressure and of voltage. These 
changes occur at the same values using different 
gauges of the same form. Pressure, voltage and 
uniformity of field influence the extent of these 
variations, not their position. 

Over a wide range of pressure the relationship 
between current, i, and pressure, p, is of the form 


p= Cf 


where C is independent of pressure and current. 
This relation is illustrated by the logarithmic graph 


shown in Fig. 6. The departure from linearity at 
high pressures is determined by the magnitude of the 
ballast resistor. The variation given by the con- 
tinuous line is obtained by reducing the pressure; 
when the pressure is raised this curve may not be 
retraced at pressures greater than 2 x 10° mm. Hg, 
as indicated by the dotted curve. In this region there 
may be a change in the mode of oscillation, accom- 
panied by a change in the sensitivity from one curve 
to the other. According to Beck and Brisbane", the 
index k depends on the magnetic field and approaches 
unity as this is increased. If the gauge is to have a 
scale which is linear with pressure, over a limited 
range, a magnetic field of the order of 2,500 oersted 
is desirable. 


GENERAL COMMENTS ON GAUGES 
OF THE PENNING TYPE 


Experimental evidence on the effect of changing 
the materials of the cathodes is less than decisive. 
Some authors have reported no change’; others state!” 
that gauges with nickel or constantan cathodes are not 
as sensitive as identical gauges with aluminium 
cathodes and that cathodes coated with magnesium 
oxide are more sensitive but less stable. The 
reported differences do not exceed 50% which is of 
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little practical importance. In our experience there 
is no significant difference; we have not however 
carried out exhaustive tests since little significant 
change is to be expected. Sputtering is much 
reduced by using aluminium’*. It may be noted that 
an aluminium cathode is invariably used in gas filled 
X-ray tubes. 

As with all ionisation gauges, the nature of the gas 
affects the calibration. Fig. 7 shows ion currents 
plotted against pressure using different gases!®. The 
curves are similar to those obtained with thermionic 
gauges. The differences among the various gases 
depend on the manner in which the probability of 
ionisation varies with voltage. Ifa gauge, calibrated 
with air, be used with a gas consisting mainly of 
organic vapours, the apparent pressure will be 
particularly high; such an instrument is not suitable 
for measuring low vapour pressures. Examination 
at various temperatures?° emphasises that, although 
the ion currents are usually interpreted in terms of 
gas pressure, it is more accurate to consider the gas 
density. If the gauge is heated, the density of the gas 
is reduced, hence, since the number of molecules per 
c.c. is reduced, the ion current is reduced. 

Reference has been made to oscillation ‘of the 
electrons between the cathodes and as noted from 
time to time there are changes in the ‘ mode of 
oscillation’. There is frequent reference to such 
oscillations in the literature and, because of certain 
physical similarities, it is implied that these must be 
‘magnetron oscillations’. A gauge was constructed 
in which direct leads from each cathode were brought 
out separately through the envelope and extended to 
form a Lecher wire system. Changing the resonant 
frequency by moving the shorting strip between the 
two wires had no observable effect on the recorded 
current. 

Electromagnetic radiation has been picked up by 
a loop placed near the gauge; there was no clear 
indication of polar distribution or of polarisation of 
this radiation. The ‘noise’ observed in this way 
occurs in a band, /\f, and such frequencies have 
been observed in the range 10 to 26 Mc/sec. 
In certain cases a much weaker signal is detected 
as a harmonic or a sub-harmonic of the main 
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signal. In a given gauge the frequency genera- 
ted is a function of the magnetic field, voltage 
and pressure. At low voltages the discharge is weak 
and the resultant signal merges in the noise; with the 
intense discharge associated with high voltages the 
observed signals embrace a relatively large band /\ f. 
For example using a field of 2,500 oersted no signal 
could be distinguished until the voltage exceeded 
1,800; at 2,000 V, the frequency was 19.3 Mc/sec.; 
at 2,500 V, the signal extended over a range of about 
a megacycle at 22.1 Mc/sec. whereas at 3,000 V it 
extended continuously from 17 to 30 Mc/sec. Fig. 8 
indicates the manner in which the frequency varies 
with changing magnetic field. These incomplete 
experiments confirm that the oscillations are plasma 
oscillations. 


PRESSURE (MM. X 


Fig. 7. Effect on the calibration of changing the gas 
in the gauge. L. R. Foote.'® 
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Fig. 8. Radiofrequency generated plotted 
against magnetic field. 


primary current, about 0.06 uA. The 
advantage is obtained at the expense of 
reducing significantly the exchange of gas 
molecules between the gauge and the vacuum 
system; effusion through the small holes in 
the cathodes is limited and the pressure 
recorded may well be too low. The later 
design of Broad?*, overcomes this by using 
as anode a pointed rod which projects into 
the cylindrical cathode space the other end 
of which is open or alternatively closed with 
a wire mesh. Broad uses as his experi- 
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mental parameter not the ion current but the 


NEW MODELS OF COLD-CATHODE 
IONISATION GAUGES 


In recent years a number of new gauges have been 
described which are, in essentials, variants of the 
Penning type of gauge. These new gauges have been 
described as ‘magnetron’ gauges since, like the 
magnetron, there is an axial magnetic field, and a 
central rod electrode with a second cylindrical 
electrode concentric with the first. The geometric 
similarity is misleading, however; in the magnetron 
the central electrode is the cathode, whereas in these 
gauges it is the anode. 

Klemperer?! has described a gauge in which the 
cathode is a closed metal cylinder, the wire anode 
passing through a small hole in the centre of each 
circular end plate. The design of Beck and Brisbane! 
resembles several such gauges mounted end to end 
with the addition of guard rings at the cathodes. The 
high electric field strength where the anode passes 
through the cathode ensures a high primary electron 
current. This, together with the fact that the 
probability of an electron escaping from the all- 
enclosing cathode is very small, ensures that the 
gauge has a low critical or ‘ cut-off’ pressure. When 
operated at 6 kV, the current falls smoothly as the 
pressure is reduced until it reaches the value of the 


voltage required to furnish a given ion 
current. 

From the published accounts it is not easy to 
compare these different gauges since the various 
authors quote calibrations obtained under different 
operating conditions. These conditions are not 
necessarily the best for the gauge concerned but may 
apparently be determined by the power supply and 
the magnetic field available. Thus the calibrations 
by Penning’ refer to a potential of 2 kV, those by Beck 


Table I 
(All figures refer to a pressure of 10-*mm. Hg) 


Magnetic 
Gauge described by Field | Potential 
(Oersteds)| (kV) 


Penning and Nienhuis'? 370 
Evans and Burmaster?* 2,000 
Klemperer*! 570 


oo 


Beck and Brisbane'® 500 


Broad2? 260 


* Extrapolation based on a series of measurements, made 1n this lab- 
oratory with a gauge similar to that of Penning and Nienhuis. 

§ Extrapolation based on the published results. 

+ Broad used a ballast resistance of 50MQ). 
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and Brisbane?’ of 3 or 6 kV and those by Broad?” of 
10kV. Table I is an attempt to compare the various 
arrangements; the values quoted are necessarily 
approximate and some are extrapolated from figures 
quoted in the published accounts. 


GAUGES FOR USE AT HIGHER 
PRESSURES 


An important feature of the gauges discussed in the 
previous sections is the lowest pressure at which they 
may be operated consistently. The same gauge is 
rarely required to measure pressures greater than, say, 
10°* mm. Hg. It is possible to design cold cathode 
gauges capable of operating up to and above 10-? mm. 
Hg. In this case the leakage of electrons should 
clearly be increased. This is readily done by using 
a ring anode of small radius. Moreover the intensity 
of the discharge is high so that the sensitivity, (di/dp), 
is not high unless the electrical parameters are altered 
appropriately. Most of the experimental information 
which is available on such gauges is given in a report 
by Dole®® who suggests that a gauge of the original 
Penning design may be used at pressures up to 
10° mm. Hg but that di/dp is small unless the 
ballast resistor is reduced to about 0.1 megohm, and 
the diameter of the anode ring is considerably smaller 
than the usual figure of one inch. The intensity of 
the discharge may bereduced by using lower voltages, 
of the order of one kilovolt. It cannot be em- 
phasised too strongly that the behaviour at higher 
pressures is very sensitive to the magnitude of the 
ballast resistor. 

Attention should also be given to a recent specifica- 
tion*‘ in which a gauge to operate at higher pressures, 
up to 2 x 10-? mm. Hg was constructed by designing 
the electrodes so that there is no straight path from 
one cathode to the other. 


CONCLUSIONS 


Cold cathode ionisation gauges provide a very 
convenient and simple means of measuring pressures 
between 10-? and 10-7 mm. Hg, a given gauge with 
the appropriate power supplies and meters covering 
about four decades. The gauge itself is virtually 
indestructible if care is taken to prevent sputtered 
films from providing a conducting path between the 
two electrodes. Safety devices may be necessary to 
prevent damage to the current meter if a sudden influx 
of gas is likely to overload the meter. 

Pressures as high as ten microns (10°? mm. Hg) 
may be measured, using gauges with small anode 
rings, and relatively small ballast resistances. At the 
other end of the scale, the gauges are limited, 
apparently by the size of the primary electron 
current, to pressures greater than 10° mm. Hg. If 
electronic devices are used anywhere else inside the 
vacuum system, these must be shielded from the high 
voltages and from stray ions from the discharge. 

The operating range of these gauges is similar to 
that of thermionic ionisation gauges. The ion 
currents are greater by two or three orders of 
magnitude, enabling more robust and cheaper meters 
to be used, and the gauges themselves are simpler, 
cheaper, and more difficult to damage than their 
thermionic counterparts. 
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J. Blears and Mr. J. Bennett of Messrs. Metro- 
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value, One of us (H. N. Daglish) wishes to acknow- 
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PART Il 
Aluminium Films on Plastics with Particular reference to Decorative Coatings 


Summary 


THE ARTICLE presents a study of the fundamental principles 
which govern the deposition of aluminium films upon 
various materials. Part I published in the preceding issue 
Vol. II No. 4 page 365 to 376 dealt with aluminium films 
on glass (front surface mirrors). Part II, the present ‘and 
final instalment deals with conditions regarding the de- 
position of aluminium on plastics, and gives a very detailed 
account of the lacquering technique for under- and over- 
coating the aluminium films, of particular value to the 
commercial processor of decorative coatings. 


Sommaire 


PRESENTATION d’une étude des principes fondamentaux qui 
regissent la déposition de films d’aluminium sur des 
matériaux divers. La premiére partie, publiée dans le 
numéro precédent Vol. II No. 4, page 365 4 376 traitait 
d@aluminium sur verre (mirroirs sur la face avant). La 
deuxiéme, la présente et finale, traitant des conditions 
gouvernant la déposition d’aluminium sur des plastics rends 
compte en détail de la technique de vernissage en couches 
soujassantes et recouvrantes du film d’aluminium, particu- 
li¢rement intéressante en vue du traitement décoratif. 


INTRODUCTION 


THE ALUMINISING PROCESS has proven itself both 
useful and versatile in the decorative field. Below is 
given an account of a production line which is 
technically sound and has established itself success- 
fully, in handling various types of plastics as well as 
metal. 

Coating plastics components instead of glass 
very slight modifications only are required in the 
vacuum process. Since the rate of degassing is 
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unusually high, especially when the plastic contains 
lower boiling plasticisers, a combination of booster 
pumps is helpful. By this means the fore pressure is 
maintained even when handling large volumes of gas 
or vapour. Special jigs and fixtures must be designed 
together with rotators capable of handling large 
numbers of parts in the system. 

The sources in general must be designed to 
evaporate large quantities of metal at high speed. 
The flashing times are of the order of seconds thus 
reducing the outgassing tendency of the plastic. Our 
experience indicates that the high vacuum process is 
never the ‘ bottle neck ’ in actual production but that 
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I. GENERAL PRODUCTION DATA 


Sequence of Operations 
In the coating of plastic parts, the necessary 
operations are :— 


(1) ANNEALING AND PRE-CLEANING 


(2) LOADING THE PARTS ON JIGS 
| 
| 


(3) Drippinc IN LACQUER FOR UNDERCOATING 
| 
| 


(4) BAKING 


| 
(5) Vacuum Aluminising 


| 
(6) DIPPING IN LACQUER FOR TOP COATING 
(CLEAR OR COLOURED) 
| 


| 
(7) 


BAKING 
UNLOADING, INSPECTION AND PACKAGING 


Progressing the Work 


From a material handling and flow stand- 
point, it seems desirable to conform to the 
following main principles :— 

I Anneal and pre-clean in bulk lots. 

II Maintain the parts on the jigs until the last 
operation is completed. 

III Maintain one stand-by complete load at each 
production station. 

IV The material flow should be such that the 
loading and unloading operations are close 
together. 


Rate of Production 


The rate of production is governed by 
Operation 5, 1.e., vacuum aluminising. The 
capacity and time cycle of the 36 inch. unit 
are therefore the prime controlling factors. 
Experience has shown that in the bell jars five 
circumferentially placed rotating stations are 
adequate. 


the handling of the parts, lacquering, dyeing, baking, 
etc., consume the greater time in the whole operation. 

The production sequence and general considerations 
applicable to the aluminising of plastic components 
are summarised in the adjacent column and form 
the basis of the information given in this article. 
As can be seen, lacquering techniques play an 
important part in these operations and, therefore, 
special attention is given here to the practical 
problems encountered in their application. 


THE LACQUERING OF CELLULOSE 
ACETATE AND BUTYRATE MOULDINGS 


Undercoating Before Aluminising 
(Operations 3 and 4) 

In order to obtain a bright, aluminised finish on 
moulded plastic components with maximum reflect- 
ing properties, it is advisable to undercoat the plastic 
part with a compatible, craze-free surface finish by 
conventional methods, e.g., spraying, spinning or 
dipping. 

A polymerising, baking type, melamine /alkyd resin 
combination has been found satisfactory for use on 
cellulose acetate and cellulose acetate butyrate, 1.e., 
on MH and H flow grades of Tenite I and Tenite II 
respectively. The solvents contained in this polymer 
consist of 40°% xylol and 60° n-butanol. Neither 
solvent attacks the base plastic when used as a thinner 
in the resin nor are they known to be toxic. 

This surface finish when correctly formulated, 
applied and force-dried or baked between 160-180°F 
imparts the following properties to the moulded 
plastic component : 

—It provides a hard, glossy, mar-resistant base for 

the subsequent aluminising operation. 

—It covers mould marks and other minor surface 
flaws with a smooth resin coating which also 
seals in the plasticiser. 

—It provides to some extent a means of obtaining 
adhesion with the aluminium film interlayer 
and the top protective coating on final baking. 

The lacquer* in question consisted of an OA.38 


* Suppliers Aulcraft Paints Ltd.,-Toronto. 
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< 36 inch. Coater 


18 inch. Bell Jar 
Twin Coater 


Roughing Line —> 


Fig. 1. 36 inch. coater. 


Fig. 2. Mechanical pumps arranged outside the coating shop. 


Mechanical 
Pumps for 
36 inch. 
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Il. PROCESSING DETAILS—TENITE 


Operation 3 
DIP IN THE THINNED, CLEAR POLYMER. 
Remove and shake vigorously with a downward 
motion to eliminate drips which form at the 
bottom of the dipped item. 
If practicable, the parts may be dipped and 
spun or sprayed and spun. 

REMOVE FROM SPINNER AND PLACE ON SUITABLE RACKS. 
Position spun parts in such a manner that the 
formation of thick localised coatings or ‘ soft 
spots is avoided. 


Operation 4 
PRE-BAKE ON THE RACKS FOR I5 MINUTES IN AN AIR 
CIRCULATING OVEN OPERATING AT I80°F. 
REMOVE FROM THE RACKS AND LOAD PARTS INTO 
MESH-BOTTOMED METAL TRAYS. 
REPLACE TRAYS IN OVEN AND FULLY BAKE PARTS FOR 
I-2 HOURS AT 180 F. 


Operation 5 
Remove from trays, place on jigs and aluminise. 


Operation 6 


Dip THE ALUMINISED PARTS IN THE CLEAR RESIN 
USED FOR UNDERCOATING PURPOSES. 
Remove from polymer and shake vigorously 
with a downward motion to climinate drips or 
spin to remove excess enamel. 
If an aluminium finish of silvery appearance 
only is required bake at this stage as shown under 
Operation 8. If a colour finish is required 
(Operation 7) proceed as follows :— 
REMOVE PARTS FROM SPINNER AND PLACE ON SUITABLE 
RACKS. 
Position spun parts in such a manner that the 
formation of thick localised coatings or ‘ soft 
spots ’ is avoided. 
AIR-DRY FOR 30 MINUTES AT ROOM TEMPERATURE 
OF 70-75 F. 
Operation 7 
IMMERSE THE RESIN OVERCOATED, AIR DRIED, ALUMIN- 
ISED PARTS IN THE SCHWARTZ Dip DyE 
Remove from the dye and immediately rinse in 
a container filled with tap water at recom tempera- 
ture. A wetting agent e.g. Kodak Photo-Flow 
added to the water in the ratio of I part to 
200 parts water or 2-3”, solution of ‘ Teepol’ 
improves the rinsing action and tends to 
eliminate water marks. 
SHAKE EXCESS WATER FROM THE PLASTIC PARTS 
AND PLACE ON RACKS. 
The water remaining on the component should 
form grouped globules and to a large extent 
run off if the process is proceeding satisfactorily. 


Operation 8 
PRE-BAKE ON THE RACKS FOR 15-20 MINUTES IN AN 
AIR-CIRCULATING OVEN OPERATING AT I80°F. 
REMOVE FROM RACKS AND LOAD PARTS INTO MESH- 
BOTTOMED METAL TRAYS. 
REPLACE TRAYS IN OVEN AND FULLY BAKE PARTS 
FOR I HOUR AT 180 F. 


clear polymer specially developed for this process. 
The enamel as received was a clear pale straw colour 
with an ‘A’ grade viscosity (100 centistokes at 25°C.). 
For dipping followed by a spinning operation a more 
uniform flow with higher solids content and without 
webbing was obtained by thinning the polymer with 
thinner in the ratio of 2 parts clear polymer to | part 
thinner. The thinner consisted of 30 parts xylol to 
70 parts n-butyl alcohol. To each gallon of thinned 
polymer, 500 c.c. of catalyst in thinner was added. 
The catalyst was formulated as a 10° solution and 
consisted of 30 parts xylol, 70 parts n-butanol and 
10 parts 296-9 conc. catalyst (phosphoric acid ester). 
In some instances, ¢.g., in the case of intricate or open 
work designs or where spinning is not applicable, the 
ratio of thinner to polymer may have to be increased. 
However, it is advisable to keep the solids content of 
the residual surface coating as high as possible and 
not to reduce the polymer in a ratio of less than | to J 
with thinner. 

When a suitable viscosity of the lacquer has been 
obtained, the plastic parts may be processed in the 
manner described in the left hand column. 

Excess polymer, reclaimed during the spinning 
operation may be re-used after filtering, if not 
excessively contaminated or discoloured. In pro- 
duction the viscosity of this reclaimed and the new 
polymer may be maintained by means of periodic 
contro] checks with a No. 4 Ford Cup and Stop 
Watch. 


Overcoating After Aluminising 
(Operations 6 to 8) 


The procedure recommended for overcoating is 
described in detail in the Table on the left. Special 
attention is drawn to 

Operation 7 (Solvent Dip in the Schwartz Rez-N- 
Dye). This process provides for the top coats to be 
finished in a large variety of transparent colours and 
tints. The description shown in the Table represents 
the method currently employed with good results. 

The Schwartz Rez-N-Dye is supplied* in a 
concentrated solvent form. To obtain colour 


* Supplier Schwarz Chemical Co, New York, N.Y, U.S.A. 
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matches with previously dipped coloured parts, it is 
necessary, when mixing new dye batches, to add 
Rez-N-Dye Thinner until the correct colour match 
is obtained. At present, the Gold Rez-n-Dye is 
mixed in the ratio of 1 part dye to 2 parts thinner. 
A ratio of 3 parts dye to J part thinner results in a 
medium gold finish. Equal parts of thinner and dye 
give a deeper gold colour. Seven parts of Rez-N-Dye 
thinner to 1 part Gold and 1 part Red Rez-N-Dye 
mixed in the ratio of 15 parts of the former to 1 part 
of the latter produces a pleasing off-silver or light gold 
finish (applied to Planter’s Peanut Men)t. Other 
dye colours may be diluted and matched in a manner 
similar to the foregoing. 

Water must not be added as it will immediately 
cause some precipitation of the dye. Similarly, 
plastic parts which have been dip-dyed, then water 
rinsed, must not for any reason be re-dipped in the 
dye. 

If it is desired to strip a rejected part, this can be 
done after the baking operation, by immersing ‘the 
part in methyl alcohol until the top enamel coating 
softens and can be easily removed. The aluminium 
film can then be stripped, without damage to the base 
plastic, by a short immersion 
in a warm potassium hydroxide 
solution followed by a water 
rinse. Drying is effected with 
compressed air. 


All information given so far 
refers to production methods 
employed at present for the 
under- and overcoating of com- 
ponents moulded from MH 
and H flow grades of Tenite I 
and Tenite II cellulose acetate 
and cellulose acetate butyrate 
respectively. 


+ Planter’s Peanut Men are small 
containers like saltcellars to be 
found on tables in American 
restaurants etc. and distributed 
by Planters Nut and Chocolate 
Co., Wilkes Barre, Pa., U.S.A. 


Fig. 3. Detail of 36 inch. unit showing heavy duty 


source and §-stage rotary jigs. 


Fig. 4. 


Infra-red conveyer oven. 
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Ill. PROCESSING DETAILS— 
POLYSTYRENE 


Materials Approved for the Purpose 
Type of Lacquer* 
9125-Polystyrene Base Coat 


9949-Polystyrene Base Coat 
9318-Polystyrene Top Coat 


Type of Reducer* 


9125 TD-tor Dip: 9125 TS-for Spray 
9949 TD-for Dip: 9949 TS-for Spray 
9318 T-for Spray: supplied ready for Dip 


Application for Undercoating 
Methcd : Dipping or Spraying. 


Thinner Required : 
9125/TD-for Dipping; 9125 /TS-for Spraying. 
9949/TD-for Dipping; 9949 TS-for Spraying. 


Mixture Recommended : 

For Dipping—3 parts lacquer, 1 part thinner. 

For Spraying—2 parts lacquer, 1 part thinner. 

Drying Requirements : Air Drying 20 minutes. 
Force Drying | hour at 
150-160°F. 


Application for Topcoating 
Method : Dipping or Spraying. 


Thinner Required : 9318 T-for Spraying; 
supplied ready for Dipping. 


Mixture Recommended for Spraying: 
3 parts lacquer; 1 part thinner. 


Drying Requirements : Air Drying 72 hours 
(for Optimum Properties). gy Force Drying 2 
hours at 150°-160°F. 


THE LACQUERING OF 
POLYSTYRENE MOULDINGS 


Preparation of the Surface of the Moulding 


(a) Crazing. In some cases, moulded styrene parts 
may require annealing prior to lacquering. Since 
adhesion of the lacquer is dependent upon slight 
atcack of the surface, removal of all possible strain is 
imperative so that the lacquer will not craze the part 
to a visible degree. Annealing of the test samples 
was carried out by heating the moulded parts in an 
oven for 2 hours at 160-175°F. Correct annealing 
time and temperature may be determined experi- 
mentally by immersing the annealed parts in a 
petroleum solvent (kerosene) for 1 minute, allowing 
to drain thoroughly and air dry. Strains will be 
noticeable immediately, or within a 5-minute period 
if further annealing is required. 

(b) Cleaning. Polystyrene parts to be metallised 
should preferably be moulded without lubrication. 
However, some moulds may require the application 
of a die release agent in order to eject the parts without 
breakage. Die release agents will inhibit lacquer 
attack on the plastic and must, therefore, be cleaned 
off. A mixture of equal parts of denatured ethyl 
alcohol and glycerine used as a die release agent will 
eliminate such adhesion problems. 

If die release agents other than denatured ethyl 
alcohol and glycerine are used, thorough cleaning will 
be required. This can be achieved through immers- 
ing the parts in a denatured alcohol bath and drying 
in an air circulating oven for 15-30 minutes at 150- 
160°F. The length of time the parts are to be 
retained in the alcohol bath can be visually deter- 
mined by the continuity of the solvent film over the 
part. If the solvent film immediately separates or 
retracts on the surface of the part, a need for further 
cleaning is indicated. A continuous solvent film 
without separation is observed when the surfaces of 
the plastic parts are free of lubricant. Silicone fluids 
should not be used as due release agents on poly- 
styrene parts to be aluminised. 


* Supplier : Standard Varnish Works, Div. of Standard 
Toch Chemicals Inc., 2600 Richmond Terrace, Staten 
Island, New York, U.S.A. 


Test and Application of the Lacquer 
The polystyrene lacquer formulations shown on 

the opposite page were tested in the Laboratory with 

due consideration to the following requirements : 

—Adhesion under normal use. 

—Freedom from visible surface attack. 

—Affinity for dip dyes. 

—Gloss. 

—Simple means of rapid application. 

—Drying time. 

—Chemical resistance (hair oils, detergents). 

—Cost. 

As a result the following methods are recommended 
for the application of the base and top coatings on 
moulded styrene parts after cleaning and destaticising 
operations (removal of the electrostatic charges). 

Polystyrene base coat (9125 and 9949) is to be 
applied on Polystyrene where the aluminised surface 
is to be viewed directly and not through the plastic. 
For detailed instructions see Table on opposite page. 
When greater fill-in is desired, the 9125 undercoating 
may be followed by the 9949 undercoating after 
air drying and force drying. 

Care should be taken in manipulating the lacquer 
as rapid addition of the 9125 thinner to the lacquer 
causes coagulation and flakiness which is difficult 
to disperse on mixing. Thinner additions should 
be made slowly while the lacquer is being stirred. 
This effect is not so noticeable with the 9949 thinner 
but for ease in mixing the foregoing procedure 
should be followed. 

Polystyrene top coat (9318) is to be applied as a 
topcoat for polystyrene over 9125 and 9949 base 
coats. In this instance, the metallising coating 
system is :—Coating (9125 or 9949)—Aluminising— 
Coating (9318). 

Detailed instructions are shown on the opposite 
page. It should be noted that 9318 top coat will 
air-dry to handle and pack in less than one hour, 
but a force dry of 1 hour at 150-160°F is recom- 
mended. Maximum adhesion will develop in 5 to 8 
hours after the final force drying. 


Remarks on Dip-Dyeing 
The 9318-top coat is compatible with all con- 
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centrations of the Schwartz Rez-N-Dye solutions and 
this coating ‘can be dipped in the normal manner. 
Uniform colour pick-up was obtained on all the 
samples checked in the Laboratory providing the 
specimens were allowed to cool to 70-90°F after the 
force drying period. Specimens immersed in the dye 
solution immediately after oven-drying revealed a 
milky film over the surface of the part due to the rapid 
evaporation of the dye solvents. This film largely 
disappeared on oven drying for 30-45 minutes at 
150-160°F but the surface brightness of the parts was 
reduced when compared with samples which had been 
dip-dyed after cooling. 

Cloudiness of the dip-dyed surface will also result 
if the rinse water becomes contaminated. For this 
reason, the rinse water should be frequently changed 
depending on the quantity of parts in process. Oven 
drying of the dyed parts may be achieved by heating 
the parts in an air-circulating oven for 15-30 minutes 
at 150-160°F. 


Fig. 5. Flashlight reflectors during flash. 
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CHOOSING A COATING 


In order to facilitate the matching of protective 
coatings to various grades and formulations of the 
base material such as are encountered in practice, 
Resin-Solvent Compatibility Chart has been 
prepared. The Chart is centre-divided to separate 
undercoats on the left and protective overcoats on 
the right. No claim is made that this represents the 
latest information, but the form is flexible enough to 
permit further additions. 

Let us assume the case that we wish to protect 
aluminised cellulose acetate butyrate (Tenite II) 
parts moulded in a MH (medium hardness) flow 
grade. Following the symbol * we might select a 
cellulose acetate forced air-dry lacquer. The Chart 
shows that the general properties of this lacquer 
makes it rather unsuitable for use as an undercoat. 
Rejection however is final because of serious process- 
ing difficulties which is caused by its crazing 
tendencies due to solvent penetration, 7.e. the under- 
coat tends to soften after the top coating has been 
applied. 


Let us examine the thermosetting lacquers. 
Ordinary or modified phenol-formaldehyde formula- 
tions are ruled out due to temperature restrictions. 
As we read down the list, the Melamine Alkyd resins 
seem favourable with the exception of a tendency to 
blush at high humidity. 

Both as a base and top coating the symbol ® 
indicates properties ranging from good to excellent. 
A number of such resins are commercially available 
including Aulcraft OA-38 Polymerin. We further 
notice that a catalyst must be used, and so the Chart 
narrows down the field and eliminates guess work 
during the initial stages. 

Unfortunately data on Polystyrene coatings is still 
not sufficiently organised to warrant tabulation. 


I am indebted to Mr. J. N. Kempf, formerly of the 
Laboratory Staff for preparation of the Chart. The 
interest of Lt. Col. W. E. Phillips, President of 
Duplate Canada Limited in the foregoing articles is 
duly acknowledged with thanks. 


For Resin-Solvent Compatibility Chart see (detachable) insert on the right 
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Summary 


IN ORDER to reduce the time and effort normally required 
to finalise the design of ovens such as bake-out ovens for 
vacuum systems, a graphical procedure has been devised 
which permits a rapid estimation of the heating power 
required, and the operational outer surface temperature of 
an oven, if the size of the oven, the nature and thickness of 
the structural materials and the operational temperature in 
the oven are known. The uses of the method are demon- 
strated by application to a practical case. 


RAPID GRAPHICAL PROCEDURE FOR OVEN DESIGN? 


Vacuum, Vol. III No.7 
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Research Laboratories, 
Westinghouse Electric Corporation; 


East Pittsburgh, Pa., U.S.A- 


Sommatre 


POUR REDUIRE le temps et l’effort normalement consacrés a 
la mise au point de la construction de fours tels que fours 
a dégasage pour systémes 4 vide, un procédé graphique a 
été établi qui permet l’estimation rapide de la puissance de 
chauffage nécessaire et la température opératoire de la 
surface extérieure d’un four, si la taille du four, la nature et 
Vepaisseur des matériaux de construction et la température 
de fonctionnement dans le four sont connus. Les emplois 
de la méthode sont démontrés par une application pratique. 


THE SCOPE OF THE METHOD 


IN THE DESIGN of ovens such as bakeout ovens for 
vacuum systems, the thermal design problem consists 
partly or wholly of choosing from several design 
variables those which are to be fixed at certain 
values, and of determining in terms of these values 
the remaining unknowns. The variables usually 
considered are the size of the oven, the operating 
temperature, the temperature attained by the outside 
surface, the material of the outer surface, the required 
heating power, the thermal conductivity of the 
insulation, the thickness of the insulation, and the 
time required to reach the operating temperature. 
Typically the first three or four of these, and the 
last, are set by other considerations, and the remaining 
quantities must be found. This problem, though 
not difficult, is time-consuming in practice because 


* M.S. received March, 1954. 


of the diversity of units in which the required values 
may be found and because of the difficulty of finding 
some of the data, notably that for conduction and con- 
vection losses to the atmosphere. This paper describes 
a simple graphical procedure whereby the thermal 
design of an oven can be performed quite rapidly. 


THE PRINCIPLE OF THE PROCEDURE 


If we consider an oven whose inside temperature 
is T; and whose outer surface assumes a tempera- 
ture T,, with ambient room temperature T,, it is 
evident that the heat loss Q,; per unit area at the 
outer surface is the result of combined radiation, 
conduction, and convection, and depends on the 
emissivity € of the outer surface as well as on T, 
and T,; while the heat transmitted through the 
oven walls, Q; per unit area, depends on the thermal 


Scientific Paper No. 1785. 


4 
Vol. 
| 
19 
= 
43 
3 
| ’ 
1 


A. I. BENNETT, JR. 


conductance of the walls and the difference T;—T,. 
The equilibrium value of T, is that for which 
Q; =Q;, and can be found graphically if curves 
of Q; and Q, as functions of T,, T,, and T; are 
known. 

Figure 1 shows a family of curves for the com- 
bined radiation, conduction, and convection losses 
in watts /inch® as a function of surface temperature, 
for surfaces of various emissivities exposed to air 
in a room of ambient temperature 77°F or 25°C. 
The curve for «=O is, of course, the conduction 
and convection loss alone. This is then a graph of 
Q, vs. T, for T,=77°F. Assuming the thermal 
conductance of the oven walls independent of 
temperature, an assumption sufficiently valid for the 
usual requirements of accuracy, a line drawn through 
a point at T; on the temperature axis and with a 
slope the negative of the thermal conductance of 
the wall will be a graph of Q; vs. T, for the chosen 
inside temperature T;. The intersection of this curve 
with the appropriate surface-loss curve will give the 
operating surface temperature T, and the surface 
power loss per square inch, which when multiplied 
by the total surface area yields the power input. 
Since the slope of the Q; vs. T, curve is the quotient 
of the thermal conductivity of the wall insulating 
material by the wall thickness, it can be readily 
obtained from another set of scales of these two 
variables added to the same sheet, as has been done 
in Fig. 1. The thermal conductivity values are given 
in two systems of units for added convenience. 
Note that the origin for these scales does not coincide 
with that for the power-temperature scales. 

In order to augment the usefulness of Fig. 1, 
several materials have been indicated beside the 
appropriate emissivities or thermal conductivities. 
It should be emphasized that the values of thermal 
conductivity and emissivity thus specified are only 
approximate (especially the former, depending as it 
does on the state of packing of the insulation). 
More accurate values, however, are probably seldom 
required. 

To illustrate the use of this procedure, assume 
that an oven is to be designed with the following 
properties :— 


Wall thickness 1 inch. 

Insulating material Pyrex glass wool 

Outer surface commercial Al sheet, ¢~0.05 

Inside temperature 350°C 

Surface area 4,000 inch.?. 
and that the required heating power and outer 
surface operating temperature are to be found. This 
is done as in Fig. 2. A line is drawn (or imagined 
drawn) on the thermal conductivity vs. thickness 
scales with intercepts of the conductivity of glass 
wool and the chosen thickness of one inch, respec- 
tively. Parallel to this line (the dashed line in the 
figure) a line is drawn through the inside operating 
temperature of 350° on the temperature scale. The 
intersection of this line with the power-loss curve 
for e=0.05 for Al has the coordinates of 0.26 watts / 
inch? and 98°C, which are the operating power 
loss/inch? and outer surface temperature respec- 
tively. Multiplication of the power loss/inch? by 
the oven area of 4,000 inch.” yields 1,040 watt as 
the required power input. If the outer surface 
had been painted with a flat black enamel of 0.95, 
the corresponding power loss and outer surface 
temperature would have been 0.30 watt/inch? and 
65°C respectively, and the required input power 
1,200 watt. It can be seen that the latter condition 
materially reduces the danger of a serious burn to 
personnel working near the oven. 


THE PRACTICAL SIGNIFICANCE OF THE 
RESULTS 


An actual oven, built to these specifications, 
showed an outside operating temperature about two 
degrees above the calculated value. The required 
power was considerably higher than the calculated 
power; this was then realized to be completely 
accounted for by the fact that the two concentric 
cans which were the inner and outer shells of the 
oven were thermally connected by a bridge of 
1/16 inch Al. Some such mechanical connection is 
generally necessary; the heat loss so produced can 
be roughly accounted for by adding the thermal 
conductivity of the connecting spacers, weighted on 
the basis of their cross-sectional area, to that of the 
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The graph on which the procedure is based. 


Demonstrating the use of the chart. 
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insulating material. This process is reasonably 
accurate only for poorly conducting spacers, because 
otherwise the outer and inner surface temperatures 
are not constant over all the surface as has been 
implicitly assumed. 

If only the values of heating power determined 
from Fig. 1 were applied to an oven, the temperature 
would rise in a roughly exponential fashion toward 
the operating temperature as an asymptote. Since 
usually a much more rapid rise is desired, a higher 
initial heating power is required. If this power P 
is in watts, the operating temperature rise above 
room temperature (T;—T,) in degrees centigrade, 
the mass M to be heated (including the oven contents 
plus roughly half the oven mass) in pounds, and the 
average specific heat c of this mass in cal./g.°C, 


for which 0.15 is a good rough value, the time 
constant (actually the difference T;—T, divided by 
the initial rate of rise of temperature), in minutes, 
is approximately equal to 


30 c M (T;—T,) P 


from which an appropriate value of P can be chosen. 

Although several approximations are involved in 
the use of this procedure, it is felt that the accuracy 
is quite sufficient for most work and that the 
simplicity of the process will be found very con- 
venient. Further data may be found, in particular, 
in the book on Heat Transmission, by W. H. McAdams 
(McGraw-Hill Book Co. Inc., New York, 1942) 
from which, with appropriate changes of units, much 
of the foregoing data were obtained. 
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CONFERENCE REPORTS 


CONFERENCE ON IONISATION 
PHENOMENA IN DISCHARGES 


THIS CONFERENCE took place in the Clarendon 
Laboratory, Oxford, from the 18th-23rd July. The 
programme was arranged and organised by Dr. 
A. Von Engel and Dr. G. Francis under the sponsor- 
ship of the Physical Society, The Electrical Research 
Association, and the Institute of Physics. 

The various meetings were well attended with a 
high proportion of visitors and lecturers from abroad. 
During the weekend various interesting trips and 
social functions took place including conducted visits 
to Harwell and the Clarendon Laboratory. 

Each session consisted of the presentation of short 
papers followed by a detailed discussion. The great 
variety of papers and contributions (40 in all) covered 
almost every aspect of ionisation and discharges in 
gases. The different subjects covered may be roughly 
grouped under the headings: Spark discharges, 
high pressure arc discharges, glow discharges, high 
frequency discharges, plasma oscillations, photo- 
ionisation, discharges in magnetic fields, discharges 
in Geiger counters, and ionisation phenomena at 
very low pressures. 

The followmg is a detailed summary of three 
papers directly connected with high vacuum. 


Breakdown at Very Low Pressures. Presented 
by: R. L. Fortescue. 


At very low pressures (e.g. 1 1000 of that corres- 
ponding to the minimum sparking potential) one 
would expect to get no discharge in the residual gas 
even at quite high voltages. Yet it had been observed, 
particularly in accelerator tubes, that there was a 
limit to the voltage which could be applied before 
breakdown occurred (in accelerator tubes this was 
experienced as ‘ electron loading’ and it occurred in 
the megavolt region). 

Experiments were carried out on gaps in a low 
pressure enclosure. The phenomena observed were 
not reproducible unless the metal surfaces were 
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specially outgassed. Breakdown then depended on 
anode conditions as well as cathode conditions. The 
arcs which occurred (at gap lengths of 1-2 cm.) were 
usually preceded by bursts of current (each carrying 
a charge of the order of microcoulombs). The nature 
of such discharges had been studied and possible 
mechanisms considered. The theory was not yet 
complete. 


Ultra High Vacuum Technology for Atomic 
Physics Studies. Presented by: D. Alpert. 


In many experiments in atomic physics of the past 
the accuracy or the validity of the results had been 
seriously limited by the inadequacy of existing 
vacuum technology. Thus, e.g., the ionisation gauge 
constructed in 1949 did not differ to any extent from 
the construction of Buckley in 1916. 

In studies involving the ionisation of gases, an im- 
purity of 1 in 10° could significantly alter the physical 
characteristics of a gas (as was first shown by Penning). 
Ata pressure of 10-®mm. Hg an adsorbable gas formed 
a monolayer on a clean surface in about | second. 
Hencé studies involving the interactions of atoms 
with surfaces may be severely limited under ordinary 
vacuum conditions. The region of pressure of real 
interest in this work was below 10-* mm. Hg and this 
was denoted by the term ‘ ultra high vacuum’. 

The technology then described made it possible to 
achieve working pressures as low as 10-!° mm. Hg in 
a routine and straightforward manner. This was 
done in manipulative vacuum systems without the 
use of chemical getters or refrigerants. 

In Westinghouse as many as six well known people 
were working on various aspects of discharge physics 
not to speak of numerous undergraduates. Between 
them they used 14-15 sets of such ultra high vacuum 
systems. 

Thedevelopmentsinultra high vacuumcomprised : 
(1) The Bayard-Alpert ionisation gauge’. Even on 
the best outgassed vacuum systems the ordinary 
ionisation gauge showed a pressure reading of the 
order of 10-’*mm. Hg. Nottingham first suggested 
that this might be due to X-ray photoelectrons 
emitted at the ion collector. Almost simultaneously 
Westinghouse, Bell Telephone Laboratories and 
Metson at the Post Office, Great Britain, produced 
gauges in which this effect could be overcome, and 
thereby extended these instruments to measure down 
to 10°''mm. Hg. 

(2) Vacuum stopcocks” of a metal diaphragm type 
were developed which could be properly baked out 
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to 400-500°C, and thereby enabled gas kinetic 
experiments to be carried out. 

(3) The ionisation gauge was used as a pump 
following the technique developed at the University 
of Wisconsin. The system was isolated from the 
pumps after a bake out when a pressure of 10-7-10°° 
mm. Hg had been reached. The ionisation gauge 
then acted as a pump (speed about | 1./min.) achiev- 
ing a pressure of 10-* mm. Hg within minutes, and 
10-'° mm. Hg in an hour. The importance of good 
initial outgassing was stressed. 

(4) The systems were constructed on a unit basis to 
fit standard outgassing ovens. 

Various experiments could be easily carried out 
with such systems. For example the vapour 
pressure and evaporation data for tungsten could be 
determined directly and were found to agree with 
latest published data. It was also found that when all 
pumping was stopped after reaching 3-4 « 10-1! mm. 
Hg a small continuous rise in pressure in the 
sealed system occurred. In the case of a volume of 
400 c.c. the rate of pressure rise was dp/dt = 2.88 
<x 10°" mm. Hg/min. 

This pressure rise was attributed to the diffusion 
of helium gas (present in the atmosphere in its 
normal small concentration) through the glass walls 
of the apparatus. It could be prevented by enclosing 
the apparatus with a second vacuum jacket but due 
to the storage of gas in the glass this took up to 60 
days to have complete effect. 

The use of re-flash films for adsorption experiments 
and the use of a special mass spectrometer for 
measuring the partial pressure of gases in the system 


1 BAYHARD, R. T. and ALPERT, D., Rev. Sct. Instrum. 21, 
June 1950, 571-572. 

“Extension of the Low Pressure Range of the 
Ionisation Gauge.” 

2 ALPERT, D., Rev. Sci. Instrum. 22, July 1951, 536-537. 

ae Valve for the Handling of Very Pure 

ases.” 


Note of the Editor. Dr. Wagener has published since on 
further work related to the subject in Nature, 173, 10th 
April, 1954, 684 under the title ‘ Influence of Electronic 
Impact on the Rate of Sorption onto Getter Materials ’. 

Mr. Alpert has published since the following two articles, 
the first containing the substance of the paper quoted and 
the second additional data :— 


‘(based on a form of the omegatron of Sommer, 
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Hipple and Thomas*) were also mentioned. 


Ionisation and Dissociation Phenomena and 
Getter Materials. Presented by: S. Wagener. 


The measurement of gettering rates by means of 
ionisation gauges gave a value about 1,000 times 
higher than would be expected from the assumption 
that the particles reacting with the getter were 
molecules. There was some uncertainty in the 
calculation because of the unknown real area of the 
getter surface, but this was not enough to explain 
the effect. Also the gettering rate could not be 
influenced by heating the deposit to make it more 
continuous. If on the other hand, it was assumed 
that the influence of the ionisation gauge was to 
cause dissociation of the gas so that the particles to 
be gettered were atoms, a more satisfactory agree- 
ment between experiment and theory would have 
been obtained. In this case, it would follow that the 
rate of disappearance of molecules would be of the 
order of 500 per electron. This process had not yet 
been explained. 

True gettering rates (uninfluenced by the presence 
of dissociating voltages or electron currents) still had 
to be measured but required the development of a 
suitable vacuum gauge. 

The behaviour of selected getters and the effect of 
different gases on barium getters were also described. 

W. STECKELMACHER. 


3 Hippie, I. A., SOMMER, H. and Tuomas, H. A., Phys. 
Rev., 76, 15.12.1949, 1877-1878. 
“A Precise Method of Determining the Faraday by 
Magnetic Resonance.” 


Journal of Applied Physics 24, July, 1953, 860-876. 
‘New Developments in the Production and Measurement 
of Ultra High Vacuum ’. 


Journal of Applied Physics 25, February, 1954, 202-209. 
* Ultra High Vacuum II. Limiting Factors on the Attain- 
ment of Very Low Pressures’. (Co-author R. S. Buritz.) 
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LETTERS TO THE EDITOR 


The Cooling and Baffling of Diffusion Pumps 


Sommaire 


QUELQUES OBSERVATIONS sur la relation entre la température 
du corps de pompe et la performance d’une pompe 4a 
diffusion. Elles ménent a éxaminer la disposition de 
serpentins de refroidissement convenables et diverses 
constructions de ‘ baffles’ expérimentaux. 


IN THE DESIGN of large diffusion pumps, the question 
arises whether jackets or pipes are more useful for 
cooling the body of the pump, and this leads to the 
problem of the effect of the temperature of the body 
upon the performance of the pump. An associated 
problem is its effect on baffling, and this raises the 
general question of baffling itself. In this laboratory 
our experience has been mainly with 16-inch. pumps, 
in connection with the Birmingham synchrotron 
vacuum system', but we have some experience in 
the range from 2 inches to 24 inches. 

The arguments for a cooling coil of copper out- 
weigh those for a jacket of mild or stainless steel. 
In the case of a jacket the hydrostatic pressure from 
the water mains is exerted straight on the inner 
pump wall. The collapse of the wall of a 16-inch. 
pump on test was alone sufficient to speed up our 
plans for a pressure stabilising valve on 
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probable that the presence of hot spots on the 
walls has lowered the efficiency of the pump in 
other respects. Against these arguments must be 
set the cheaper initial cost in the case of a jacket, 
the absence of soft solder which may melt in the 
event of a water failure, and the low loss of pressure 
head compared to that in a coil. The latter factor 
is an important one in the design of an extended 
system of pipes. 

Reports have appeared in the literature of the 
advantage in speed to be gained by allowing the 
pump wall near the fine jet to run warm. Fig. | 
shows the result of an experiment with a 16-inch. 
pump using Octoil S as the working fluid and 2.3 kW 
to test this point. Certainly in the case of Octoil S 
an experiment on final pressure is as good as an 
experiment on speed and enables smaller effects 
to be seen. The pressure is due to a virtual leak 
from back-streaming gases and not vapours', and 
the part of the jet first affected is that close to the 
pump wall. It has been found that the speed does 
not depend strongly on the nature of the oil. It is 
apparent that in the temperature range covered there 
is no improvement in final vacua (or speed) to be 
had. A further point brought out is that the cooling 
flow required is substantially less than that recom- 
mended by most manufacturers. A worthwhile 
economy for a pump using coils is obtainable by 
placing the turns non-uniformly. As is well known, 
most of the power fed into a pump is employed in 
vaporising the working fluid, and the low speed 
more intense jets of course consume most of this 
power. By means of theory and experience we 
have been able to establish working designs which 
are satisfactory. The basis is that the temperature 


the main synchrotron vacuum system. 
Some trouble has been experienced due to 
silting up of the jackets with rust from 
the mild steel outer wall of the jacket, and 
one wall has rusted through after about 
two years’ operation. The danger of 
corrosion of the seam welds on the inner 
stainless steel wall is ever present. With 


the type of construction we have been 
using (see Fig. 3) non-uniformity in the 
flow of cooling water has resulted in 
some baffling trouble, and it is considered 


FINAL PRESSURE (x10 “m.m_) 


Fig. 1. Final vacuum of 16-inch. pump 


as a function of wall temperature and water 


flow-rate. 


Points @ — first run; points + — second 
run, one week later. 
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rise at points midway between turns should not exceed 
10°C. Fig. 2 shows a suitable arrangement for a 16-inch. 
pump the body of which is fabricated in mild steel and 
which uses 4.5 kW. If the body is of stainless steel, 
because the thermal conductivity of this may be two to 
four times less than that for mild steel, the design must 
be altered somewhat. We have had a stainless steel 
pump in which the most intense jet unfortunately struck 
the wall midway between turns of the coil, which were in 
any event too widely spaced. The jacket in this area 
consequently operated at a temperature of about 70°C. 
In Fig. 3 are drawn two types of baffle with which we 
have experimented. To save space both these were 
inserted inside the 16-inch. pump wall as shown. This 
pump had the rather low unbaffled speed of 2,930 1./sec., 
tor reasons now well understood’. Baffle (a) reduced this 
to 2,000 1./sec. and baffle (b) to 1,470 1./sec. The 
‘ staircase’ baffle was not completely effective, some oil 
vapour escaping more or less vertically upward as 
indicated in the figure. But in view of the improved 
speed and the fact that the escaping vapour is successfully 
accommodated by an associated plate valve, type (a) has 
been most used. The dimensions of the one-hit right- 
angle baffle of type (b) were chosen on the grounds of 
availability of materials and ease of construction. It is 
considered unlikely that its effect on speed would be 
altered substantially by a linear change in the spacing and 
depth of the rings for the same overall diameter. This 
Fig. 2. Arrangement of cooling coils for a’ baffle is a complete one in preventing the escape of vapour. 
16-inch. pump. ~ For pumps with a good Ho factor it is necessary to use a 
baffle of diameter about 
50° greater than that of 
the pump throat. An 
efficient combined baffle 
aa and plate valve unit of the 
right-angle type is com- 
mercially available for 16- 
inch. and 24-inch. pumps. 
A special unit for a 4-inch. 
pump has been described 
by the author*. These 
units use water cooling 
only, as do the other 
baffles described. This is 
completely satisfactory 
provided the baffle tem- 
perature is nowhere 
greater than the lowest 
temperature in the appar- 
atus. Because of difficul- 


Fig. 3. (a) Staircase type 
(b) Right-angle type baffle, 
for a 16-inch. pump. 
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ties with the non-uniform cooling flow in a jacketed 
pump, we use a cooled copper skin inside the pump 
wall in association with the baffle of Fig. 3 (a). For 
a well-cooled pump in which the water is fed in at 
the top this would not be necessary. 

The advantages to be had from the use of refrigera- 
tion on a well-baffled large vacuum system are small. 
On small systems the use of a low temperature trap 
at the head of the pump can result in a substantial 
improvement in final vacuum'. For large systems 
where the final vacuum is determined not only by 
the pump but also by leaks and sources of gas and 
vapour in the apparatus, the gain is small. Any 
improvement is due to an increase in the effective 
available pumping speed for vapours and this is 
limited by the tubulation for speeds greatly in excess 
of that of the diffusion pump. For the Birmingham 
synchrotron vacuum system liquid air traps reduce 
the pressure by about 30°, only, and this is under- 
standable for the above reasons. This results in 
about a 50°, increase in beam intensity. 

The assistance of Mr. R. F. Coe and Mr. R. H. 
Goldberg in some of this work, is acknowledged. 

L. RIDDIFORD. 

Physics Department, 

University of Birmingham, 

England. 


25th February, 1954. 


1 RIppDIFORD, L., F. Sct. Instrum., Suppl. No. 1, (1951), 47- 
‘The Vacuum System of the Birmingham Proton Synchrotron.’ 


* RIDDIFORD, L., and Cok, R. F., ¥. Sci. Instrum., 31, (February 1943), 33. 
‘The Theory of High Speed Oil Diffusion Pumps.’ 


* RIDDIFORD, L., and LILLEy, H., ¥. Sci. Instrum., 28, (November 1951), 
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* Leaks in Vacuum Liquid Air Traps.’ 


Vacuum ‘O’-Ring Seals 


Sommaire 

NORMALEMENT I’un des deux flasques d’un joint 4 vide dit 
‘joint torique’ est muni d’une rainure recevant le tore 
elastique. Avec des rainures 4 section conventionelle il a 
été trouvé difficile de maintenir une pression et une retenu 
convenable du joint. Une nouvelle forme de joint a tore a 
été developpée qui donne 4 la rainure une section trapé- 
zoidale. Des détails sur ce joint sont ajoutés. 


THE TOROIDAL ‘ O ’-ring is now accepted by vacuum 
workers as the most pr: <tical vacuum seal for both 
static and dynamic applications. 

The success of such a seal depends upon two-main 
factors :— 
(a) the design of the mating members. 
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(b) the ease with which the vacuum joint may be 
separated and reassembled. 

Usually the seal is effected by two mating faces, 

one of which includes a machined groove designed 

to receive and hold the ‘ O’-ring. 

The groove should provide for positive retention 
of the ‘ O ’-ring while allowing ease of removal when 
required, and also ensure such compression of the 
‘O’-ring that a vacuum seal is produced. In 
addition the groove should be of sufficient cross 
sectional area to accommodate the ‘ O’-ring com- 
pletely ‘allowing the compression members to meet 
for mechanical rigidity and further be of such a shape 
that it may be easily machined and permit wide 
dimensional tolerances. 

A groove in current use has a dovetail cross 
section. Sufficient area with suitable compression 
and retention of the ‘ O ’-ring can be obtained with 
this design, but it is expensive to machine due to its 
shape and close dimensional tolerances. Occasional 
cutting of the ‘O’-ring and unavoidable trapped 
volumes of gas are inherent in the design. 

With a groove of rectangular cross section, reten- 
tion of the ‘ O ’-ring can be obtained by reducing the 
groove width to slightly less than the ‘ O ’-ring cross 
sectional diameter. In order to provide sufficient 
cross sectional area to accommodate the ‘ O’-ring 
completely however, the depth of the groove has to 
be such that adequate compression of the ‘ O ’-ring 
to effect a vacuum seal can no longer be obtained. 

A groove has now been designed and tested* 
which fulfils all the requirements previously stated, 
having a trapezium cross section as shown in Fig. 1. 

The parallel side walls are perpendicular to the 
sealing face, and spaced to provide suitable retention 
of the ‘O-ring, while position and inclination of 
the groove base controls both, required compression 
and cross sectional area. 

It can be seen from Fig. 2 that the effective 
dimensions W (width of groove) and V (effective 
depth) for the rectangular groove are maintained for 
a trapezium groove with an increase in area of W x J. 

Trapezium grooves made to dimensions and 
tolerances as stated below have been tried on research 
and development work and found to be -most 
satisfactory in practice. 

If d is the cross sectional diameter of the ‘O’- 
ring, with a tolerance as specified by British Standard 


1806 (1951), A, the cross sectional area of the ‘O’- 


ring, W the width of the groove, X the depth of the 
short side of the trapezium, Y the depth of the long 
side of the trapezium and, if the tolerance is taken as 
0.03:d on the dimensions W, X and Y, then the 


* A patent application has been made for the design. 
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TRAPEZIUM GROOVE 
Fig. 1. A diagrammatic view of 


ATMOSPHERE GQ : the vacuum seal using a trapezium 
groove. 


Fig. 2. Comparison of the cross 
sectional areas of a rectangular and a 
corresponding trapezium groove. 


SN 


SSS 


| ATMOSPHERIC 


Fig. 3. Detailed view of the 
trapezium groove with all relevant 
SIDE dimensions. 


Fig. 4. Showing the ‘ O’-ring 
under compression in the trapezium 
groove. 
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Fig. 5. Showing the position of 
the vent hole in two applications of the 
new seal. 
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dimensions of the groove in relation to the ring can 
be obtained from the following formulae :— 


Wmax = dmin — 0.001 (inch) 
Xmax = Xmin — 0.03 d 
max = Ymin — 0.03 d 
Wmin = Wmax — 0.03 4 
Xmin = Armax/Wmin — 0.312 Wmin 


min rmax/ Wmin ~ 0.312 Wmin 

Some of the useful advantages derived from using a 
trapezium groove are that the ‘ O’-ring is retained 
by the groove even under the extreme conditions of 
breaking a joint under vacuum and the physical 
contact between the mating members ensures both 
mechanical rigidity and controlled compression of 
the ‘ O’-ring. 

The ‘O-ring is forced by atmospheric pressure 
into the wedge region of the groove as shown in 
Fig. 4, the wedge being formed by the inclined base 
of the groove and the sealing face. 

The ‘ O’-ring completely fills the vacuum side of 
the groove, a very small volume of gas being trapped 
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on the atmospheric side which, if required, can be 
evacuated via a small hole as shown in Fig. 5. This 
hole can also be used for the injection of hydrogen 
for leak testing the vacuum side of the seal. 

An important advantage of the trapezium groove 
is that it can be easily machined using a form tool 
and for certain applications a shell mill, the required 
tolerance being 3°, of the ‘ O’-ring cross sectional 
diameter. 

My thanks are due to Mr. D. Latham, Technical 
Manager for encouragement in this work and to 
Mr. A. S. D. Barrett, Technical Director of our 
firm, for permission to publish this letter. 

D. M. BARTON. 
Technical Department, 
W. Edwards & Co. (London) Ltd. 
Crawley, Sussex, England. 


Ist March, 1954. 


British Standard 1806 : 1951 
ensions of Toroidal Sealing Rings’. 
Precision Rubber Products Corporation, Dayton, Ohio, U.S.A. 
* Handbook of ‘O’-ring Hydraulic Packings ’. 


BOOK REVIEWS 


Grundriss der Gefriertrocknung. By K. 
Neumann. (Musterschmidt - Wissenschaftlicher 
Verlag Goettingen 1952). Pp. 133. Price 17s. 2d. 
Sterling, or DM 9.80. 


It is perhaps a little unfortunate that the author 
should have chosen as a title for this short mono- 
graph ‘ The Outlines of Freeze Drying ’, since the 
emphasis of the book is rather upon the application 
and advantages of freeze drying techniques, than 
upon the problems of equipment design. 

An elementary account of the theoretical aspects of 
freeze drying is followed by brief general descriptions 
and operating characteristics of the various units— 
vacuum pumps, vacuum measuring devices, etc.— 
which together constitute freeze drying plant of an 
experimental laboratory type. 

The assemblies next described are almost all of the 
type utilised for the freeze drying of tissue and tissue 
sections on a very small scale. In these the water 
vapour is removed from the system either by chemical 
desiccants, carbon dioxide acetone traps, or even 
eventually by gas-ballasted rotary pumps. No 
consideration is given to the use of mechanically 


refrigerated condensers, and only brief reference is 
made to the centrifugal type of freeze drier which 
can be utilised on the very small as well as on the 
large scale. 

Turning to the account of the applications of 
freeze drying in biological and medical research, 
which constitutes more than half of the text, useful 
discussions are given of various technical points. 
For example, the importance of the speed of freezing 
for the retention of the viability of treated cells, and 
in the avoidance of introducing artefacts into the 
apparent structure of tissue samples subsequently 
examined histologically. Another matter of considera- 
tion is the temperature below which particular 
biological materials must be maintained during the 
course of freeze drying to prevent alteration in their 
properties, and the ultimate degree of desiccation to 
which they can individually be subjected without 
deleterious effect. 

One of the best features of the book is the biblio- 
graphy which covers most technological articles and 
books of importance, though these may have been 
mentioned only briefly in the text, as well as those 


concerned with biological research. 


As stated by the author the book is addressed in 
the first instance to the histologist, cytochemist and 
general biologist. It is of somewhat less value to 
those interested in the fundamental pinysical and 
engineering aspects of the of freeze drying. 

R. A. KEKWICK. 
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of vacuum interest 


Lectures 


United Kingdom. The Northampton Polytechnic, 
St. John Street, London, E.C.1, will hold a Summer 
School in Vacuum Technology, from 13th to 24th 
September, 1954. The lecturers will be J. Ewins, 
B.Sc.(Eng.), J. Newton, B.Sc., A.Inst.P., A.M.I.E.E., 
D. W. Stops, B.Sc., A.R.C.S., D.I.C., Ph.D., and 
A. Walsh, B.Sc. Morning sessions will be occupied 
with lectures and demonstrations, afternoons will be 
devoted to laboratory work. Practical work will deal 
with construction of pumps, operation of gauges, 
measurement of pump speeds, leak detection and 
evaporation techniques. The lecture programme is 
given below. 


Sept. 13. Introduction. 
Review of Kinetic Theory and Transport 
Phenomena in Gases. 


Sept. 14. Mechanical and Liquid Manometers. The 
McLeod Gauge. 
Hot Wire Gauges. 


Sept. 15. Backing Pumps. 
Gas Flow: Tubulation Conductances. 
Principle of Vapour Pumps. 


Sept. 16. Performance of Vapour Pumps. 
Ionisation Gauges. 


Sept. 17. Visit to Messrs. W. Edwards and Co. (London) 
Ltd. 


Sept. 18. Valves, Connections and Seals. 
Manipulation of Internal Apparatus. Electrical 
Lead-Ins. 


Sept. 20. Design and Use of Traps. 
Design of Complete Vacuum Systems. 


Sept. 21. Leak Detection. 


Sept. 22. Absorption and Gettering Processes. 
Production and Measurement of Ultra-High 
Vacua. 
Gas Analysis, Purification and Circulation. 


Sept. 23. Visit to G.E.C. Research Laboratories, Wembley. 


Sept. 24. Evaporation and Sputtering Processes. 


Distillation under Reduced Pressure. 
Vacuum Metallurgy. 


A lecture on Glass-To-Metal seals will also be given at a 
ume to be arranged. 


The fee for the course is 10 guineas. 
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Further lectures are announced as follows: 


July 13th, 1954, at 10.30 a.m. 

Educational Demonstrations of Vacuum Equipment. 
Lecturer : P. H. Tyler. 

Held at : Physics Department, Nottingham University. 
Arranged by : Ministry of Education. 


United States. The recently formed Committee on 
Vacuum Techniques, mentioned in our last issue, 
held its first Symposium on Vacuum Technology at 
Asbury Park, N.J., U.S.A., from 16th to 18th June, 
1954, under the Honorary Presidency of Dr. K. C. D. 
Hickman. Thirty-four papers were read, in six 
half-day sessions, as follows: 


June 16th, 1954 


Introductory Address, Dr. K. C. D. Hickman, Rochester 10, 
New York. 


Neto Equipment and Instrumentation 


An Industrial Vacuum Process Laboratory. 

Presented by: E. W. Averill, 
Vacuum-Electronic Engineering Co., New Hyde Park, 
Long Island, N.Y. 


The Molecular Vacuum Gauge. 
Presented by: W. E. Briggs, 
General Electric Company, West Lynn, Mass. 


A Vane Type Flow Meter. 
Presented by: R. M. Boehme, . 
National Research Corporation, Cambridge, Mass. 


An Automatic Vacuum Indicator-Controller. 
Presented by: C. E. Hawk, 
Hastings Instrument Company Inc., Hampton, Va. 


An Automatic High Vacuum Coater. 
Presented by: A. H. Hartman, 
Consolidated Vacuum Corporation, Rochester, N.Y. 
Gas Ballast for Mechanical High Vacuum Pumps. 
Presented by: W. C. Frye, 
’ National Research Corporation, Cambridge, Mass. 
A Low Temperature Mechanically Refrigerated Cold Trap. 
Presented by: R. C. Leever, 
General Electric Company, Schenectady, N.Y. 
A Connection System for Vacuum Piping. 
Presented by: B. G. E. Stiff, 
High Voltage Engineering Corporation, Cambridge, 
Mass. 


Methods and Techniques for Obtaining High Vacuum 


Pumping Systems for the I » to 1 mm. Range. 
Presented by: G. P. Gerow, 
Consolidated Vacuum Corporation, Rochester, N.Y. 
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Some Observations in the Operation of Vacuum Diffusion 
Pumps. 
Presented by: G. A. Sofer, 

National Research Corporation, Cambridge, Mass. 
The Current Status of Silicone Diffusion Pump Fluids. 
Presented by: A. L. Smith and }. C. Saylor, 

Dow Corning Corporation, Midland, Mich. 
Automatic Valving System for Vacuum Apparatus. 
Presented by: C. Felheimer and A. A. Litwak, 

Radio Corporation of America, Princeton, N.J. 
Construction and Performance of gogo Pumps. 
Presented by A. S. Divatia and R. H. Davis, 

University of Wisconsin, Madison, Wis. 

Production of High Vacua by Ionisation. 

Presented by H. 7. Schwarz, 

Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro, 
Brazil. 


Standards and Nomenclature 


Reports on Recommended Standard Nomenclature in 
High Vacuum Technology. 
Fresented by: B. B. Dayton 

Consolidated Vacuum Corporation, Rochester, N.Y. 


June 17th, 1954 
Developments in Fundamental Vacuum Technology 


Permeation Problems in High Vacuum. 
Presented by: F. 7. Norton, 
General Electric Company, Schenectady, N.Y. 


Some Studies of the Diffusion of Hydrogen through 
Palladium. 
Presented by: P. A. Silberg and C. H. Bachman, 

Syracuse University, Syracuse, N.Y. 


A Simplified Method of Calculating Pressure Drop in 
Vacuum Piping. 
Presented by: R. B. Lawrance, 

National Research Corporation, Cambridge, Mass. 


Gas Flow in Capillaries of Non-Circular Cross Section. 
Presented by: C. H. Bachman and P. A. Silberg, 
Syracuse University, Syracuse, N.Y. 


The Dependence of Ionisation Gauge Sensitivity on 
Electrode Geometry. 
Presented by: 7. 7. Kinsella, 
Consolidated Vacuum Corporation, Rochester, N.Y. 
Ultra-High Vacuum Technology. 
Presented by: D. Alpert, 
Westinghouse Electric Corporation, East Pittsburgh, 
Pa. 
Design and Properties of the M.I.T. Modified Bayard- 
Alpert Gauge. 
Presented by: W. B. Nottingham, 
Massachusetts Institute of Technology, Cambridge, 
Mass. 
Recent Applications of Low Density Flow Visualisation. 
Presented by: G. #. Maslach, 
University of California, Berkeley, Cal. 
A Course in Vacuum Technology. 


Presented by: C. H. Bachman, 
Syracuse University, Syracuse, N.Y. 
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June 18th, 1954 


Vacuum Systems Application and Processes 


A Metallurgist’s Challenge to the Vacuum Engineer. 
Presented by: H. A. Saller and R. F. Dickerson, 
Battelle Memorial Institute, Columbus, Ohio. 


The Application of Vacuum Techniques in Melting Metals 
and Alloys. 
Presented by: ¥. H. Moore, 

Vacuum Metals Corporation, Cambridge, Mass. 
Design of Vacuum Furnaces. 

Presented by G. ¥. Crites, 

F, J. Stokes Machine Company, Philadelphia, Pa. 
Vacuum Techniques in ga Particle Accelerators. 
Presented by: A. Fohn Gale, 

Hn Voltage Engineering Corporation, Cambridge, 

ass. 
Vacuum Systems and Techniques in the Lamp and 
Electronic Tube Industries. 
Presented by: W. G. Matheson, 

Sylvania Electric Products Inc., Salem, Mass. 
Application of the “‘ In-Line ” Exhaust Principle. 
Presented by: H. G. Warren, 

Consolidated Vacuum Corporation, Rochester, N.Y. 
Recent Developments in Vacuum Coating. 

Presented by: 7. G. Seiter, 

F, J. Stokes Machine Company, Philadelphia, Pa. 
Factors Influencing the Calibration and Application of 
** Standard Leaks.” 

Presented by: T. W. Moller and D. F. Santeler, 

General Electric Company, Schenectady, N.Y. 

Freeze-Drying. 
Presented by: Dr. E. W. Flosdorf, 
F, J. Stokes Machine Company, Philadelphia, Pa. 


Automatic Leak Testing (a Motion Picture). 

Presented by: Vacuum Electronic Engineering Company, 
New Hyde Park, Long Island, N.Y., and narrated 
by F. Raible. 


An Improved Cold-Cathode Ionisation Gauge. 
Presented by: H. Bliven, 
Vacuum Electronic Engineering Company, New Hyde 
Park, Long Island, N.Y 
Transactions of the Symposium can be obtained 
from: Committee on Vacuum Techniques, Box 1282, 
Boston 9, Mass., U.S.A. 


United States. TWO POST-GRADUATE COURSES dealing 
with various phases of vacuum technology were held 
during 1953 at the University of California, in 
Berkeley. The first course, ‘Vacuum Systems 
Design ’, was held in the spring, and consisted of 
sixteen evening lectures covering the following 
subjects: Kinetic theory of gases, flow of rarefied 
gases, vacuum production techniques, measurement 
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of vacuum conditions, vacuum vessel construction, 
vacuum sealing techniques, leak detection. The 
average total attendance was twenty-four, composed 
of engineers concerned with vacuum tube production, 
preparation of pharmaceuticals, vacuum plating and 
atomic energy. 

The second course ‘ Vacuum Tube Techniques ’, 
was held in the autumn, and dealt with the 
following subjects: Kinetic theory and fluid 
flow applied to vacuum technique, mechanical and 
diffusion pumping, vacuum measurement and 
detection, complete systems (demountable and 
others), vacuum tube materials (conductors, insu- 
lators), processing and gettering, theoretical basis 
of electron emission, oxide, dispenser and thoriated 
cathodes, arc, field emission and secondaries, gun 
design, beam focussing. This was an afternoon 
course for electrical engineering students specialising 
in vacuum tube design, consisting of sixteen one- 
hour lectures. 


Professional 


February, 1953. 


Germany. THE VACUUM STUDY GROUP, which, 


as reported in ‘Vacuum’, was formed by the 
professional Engineering and Physicists’ organisa- 
tions in that country, has now been joined by a third 
body, the Deutsche Gesellschaft fiir Chemisches 


Apparatewesen (DECHEMA). 


January, 1953 


Industrial 

March, 1954. 

United States. THE CRUCIBLE STEEL COMPANY of 
America and the National Research Corporation 
have amalgamated to develop the vacuum melting 
of steels and other alloys. The Crucible Steel 
Company has acquired a half interest in Vacuum 
Metals Corporation, formerly wholly owned by 
National Research. The expansion programme is 
expected to increase Vacuum Metals’ capacity by 
more than 500°% in the next twelve months. 


® 
May, 1954. 


United Kingdom. AS FROM THE BEGINNING OF THIS 
YEAR, the Vacuum Products Division of the METRO- 
POLITAN-VICKERS ELECTRICAL CO. LTD. has been merged 
with the New Products Department, and renamed 
the Scientific Apparatus Department. Mr. J. Blears, 
B.Sc.(Eng.), A.M.I.E.E., has been appointed Chief 
Engineer of the new department. He was in charge 
of the Vacuum Physics Section from 1948, where he 
was responsible for research work on high vacuum 
apparatus and mass spectrometry. 


July, 1954. 


Canada. W. EDWARDS AND CO. (LONDON) LTD. have 
formed a Canadian subsidiary, W. Edwards & Co. 
(Canada) Ltd., at 17, Jutland Road, Toronto 18, 
Ontario. Mr. F. Pearce is Director and General 
Manager. 


|. 
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10 — VACUUM ENGINEERING (GENERAL) — 10 


Product Finishing by Metallic Deposition in Vacuo 
See Abstract No. : 1/III 


Economical Finishing with Vacuum Metallising 
See Abstract No. : 4/III 


Industrial Uses of Vacuum 


United States. The advantages offered by processing in a vacuum are discussed generally. The actual and 
potential uses of vacuum techniques are divided into six groups as follows: (1) Volatility, (2) prevention of 
oxidation, (3) prevention of explosion hazards, (4) exhaustion or evacuation, (5) impregnation and (6) metal- 
lurgical uses. Typical examples of category (1) are vacuum metallising and drying. Drying can be subdivided 
into four classes : (a) drying in the absence of air, (b) drying in the absence of air and at low temperatures, 
(c) freeze drying and (d) flash vaporisation. As an example of the application of flash vaporisation the process 
of expanding candy containing water is mentioned. It consists of three steps: (1) Heating of the mass in order 
to plasticise the sugar, (2) flashing-as a result of which the moisture is expanded rapidly and causes the 
distortion and expansion of the sugar mass and (3) cooling which sets the sugar before the internal bubbles can 
escape. Examples in the same category are the cleaning of Timkin bearings and the vacuum cooling of 
leafy vegetables and ‘foods which eliminates the superficial moisture. In group (3) the mixing, packing and 
processing of explosive dusts and powders is mentioned. Thermos bottles evacuated for the purpose of heat 
insulation are typical of group (4). Until recently these bottles were pumped down to 100 micron Hg, but 
now the pressure in the evacuated space is reduced to 0.1 micron, which improves their insulating qualities 20 


times. In the same group are high altitude test chambers, important for the development of materials and 
instruments for use in aircraft. The article concludes with a discussion of vacuum pumps and equipment 
available. 


Sommaire : Revue des emplois industriels du vide, avec référence particuliére au vide dans I|’industrie aliment- 
aire et certaines autres applications tels que la production de bouteilles thermos. 


Aspects of the Evaporation and Drying Process in the Glue and Gelatine Industry 
See Abstract No. : 33/III 


Causes of Failure of Vacuum Systems 


United States. A list of possible faults in a vacuum system has been compiled and a key pro. ided to assist the 
less experienced technician in tracing the cause of a failure. The list shows 19 faults divided into two groups, 
distinguishing between causes of a fast pressure rise and a slow pressure rise respectively. In order to facilitate 
location of the trouble the vacuum plant should be designed to allow for the temporary connection of 
instruments in 6 places for the following measurements : (a) Pressure in the fore vacuum line, in the diffusion 
pump and in the vessel to be evacuated, (b) temperature of the diffusion pump heater and water-cooling 
system, (c) pumping speed, by means of calibrated and uncalibrated leaks, and (d) the energy consumption of 
the heaters. 

Sommaire : Les différents défaults se produi:ant communément dans des systémes a haut vide sont énumérés 
et classifiés de sorte a servir des clefs pour aider le technicien moins expérimenté a retrouver les fuites et 
remédier. 


Vacuum Pumps for Pressures Below One Torr 


Germany. In the past, where industry made use of vacuum processing, it operated either in the pressure 
region from 1mm. Hg upwards or in the region from 10-*mm. Hg downwards. The intermediate range of Imm. 
to 10-’mm. was little used. However, it has been found that a number of processes normally carried out in 
the millimetre range give better results if carried out in the intermediate range of pressures. As an example, 
the impregnation of wound condensers is quoted. Before impregnation is started all moisture has to be 
eliminated from the condenser winding, and in a separate process the impregnant has to be degassed. During 
the drying of the condenser a compafatively high pressure is satisfactory in the initial stages, but as the drying 
proceeds the pressure has to be reduced continuously to extract the maximum amount of moisture. The 
pumping units must be capable of coping with large amounts of water vapour. An impregnation plant is 
described which is served by a pumping unit consisting of diffusion or ejector pumps and gas ballast pumps as 
fore vacuum pumps. A pressure-time diagram is given, showing three distinct processing phases : (a) A rapid 
pressure decrease from atmosphere to 5 mm. Hg, the operational range of the gas ballast pumps, (b) a more 
gradual decrease to 10-*mm. Hg. the operational range of the oil ejector pump, and (c) a final slow decrease 


Article by 
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151, Nov. 1952 
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Report by 
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Univ. Calif. Rad. 
Lab. Rep. No. 
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in the operational range of the diffusion pumps. The degassing plant for the impregnant consists of two 
vessels. The first is operated at 1mm. Hg and the second at 0.1mm. Hg. The pressure in the first is maintained 
by a gas ballast pump and the pressure in the second by an oil ejector pump with a small gas ballast pump 
as a fore pump. Both these processes are typical of the uses of rotary oil pumps fitted with a gas ballast 
device and oil ejector pumps. Condensable vapours passing through a rotary pump of conventional 
design condense in the compression stage and enter the oil stream. Their presence during the suction 
stage lowers the vacuum obtainable with the pump. In gas ballast pumps fresh air is injected into 
the rotor sector when compression begins so that atmospheric pressure is reached in the sector before 
the dewpoint has been reached. Thus the exhaust valves will open before condensation takes place. The 
successful operation of the gas ballast device depends on the vapour pressure of the condensable vapours 
pumped. Various modes of applying the gas ballast pump are discussed. If a process normally carried out 
at Imm. Hg is to operate at 0.1mm. Hg the rotary pumps used for the purpose would have to be ten times 
as large. Also, the amount of material evolved liable to contaminate the oil of the rotary pumps may increase 
appreciably even if diffusion pumps were used as the latter merely pass on the contaminants. The oil ejector 
pump is suggested for use in such cases. It consists essentially of a boiler evaporating the oil which rises in 
a duct until it is ejected through a nozzle at supersonic speed into a mixing tube which is connected with the 
vessel to be pumped. The compression of the pumped gases obtained depends greatly on the shape of the 
mixing tube. At the opposite end the mixing tube is connected to the fore vacuum pump. The oil condensed 
in the mixing tube is returned to the boiler and re-used. The principle of the oil ejector pump is similar to 
that of diffusion and ejector pumps as far as the mechanism of impulse transfer from vapour stream to pumped 
gas is concerned but the diffusion of the pumped gas into the oil vapour stream is very low. Thus, its suction 
speed is smaller than that of the diffusion pump and depends to a large extent on the pressure prevailing in 
the system to be pumped. The condensable vapours are compressed to so high a fore vacuum pressure that 
the performance of the fore pump is adequate even if the oil is contaminated. In the region of 0.1mm. Hg 
a typical oil ejector pump works against a fore vacuum of 3mm. Hg. Its pumping speed is 50-60 litres per sec. 
and its consumption, including fore pump, 2.2. kW. 

Sommaire : Discussion de pompes a palettes spéciales, de pompes a injection d’air et d’éjecteurs a huile spéciale- 
ment en vue de leur utilisation dans le gamme de pression entre 1mm. Hg et 10-*mm. Hg. 


The Pirani Gauge 
See Abstract No. : 12/II 


Method and Apparatus for the Measurement of Very Small Gas Pressures 


Brazil. Historic developments and currently available designs of all types of pressure reading instruments 
are reviewed. Two classes of instruments can be distinguished: (a) Gauges which do not depend on the 
supply of external energy for their operation and (b) gauges which will operate only if external energy is supplied. 
The first group consists essentially of mechanically operated manometers and liquid column manometers. The 
second group consists of compression manometers, heat conductivity gauges, viscosity gauges, radiometer 
gauges and ionisation gauges. Instruments of the first group are rarely used in the range below 0.1mm. Hg. 
Instruments of group (b) are actuated by the energy supplied, for instance, in the form of compression work or 
heat (usually Joule’s heat), kinetic energy or electrical energy. Turning to a discussion of individual designs 
the author describes a.o. the diaphragm gauge of Spence and Klumb’s and Haase’s designs of liquid column 
and U-tube manometers. In this connection the properties of the liquids used are discussed. A typical example 
of the compression manometer is the McLeod gauge. Another compression manometer is the Vakuskope by 
Gaede and Moser. Heat conductivity gauges are based on the changes of heat conductivity of gases with 
pressure: Herzog and Scherrer designed an evaporation manometer which consists.of two concentric spherical 
vessels. The space between them is fully enclosed and connected to the vacuum system on one side and to the 
vacuum pump on the other. The smaller sphere contains carbon dioxide acetone freezing mixture and carries 
a U-tube manometer which indicates the amount of CO, evaporated as a function of the pressure in the 
evacuated space. Other types are the thermo-couple and the Pirani-type gauge. The latter has been the 
subject of various modifications and was closely studied by Von Ubisch, Dunoyer, Groszkowski, Rittner, R. A. 
Smith, Klumb, Schwartz, Blasco and Miranda. In the same class is the double-bellows gauge of Heavens, 
Koll and la Gow (see Abstract 54/2, Vol. 1). Finally, a design by Spears and Jolly is mentioned for the pressure 
range of 10-*-10-*®mm. Hg. The quartz fibre manometer and Langmuir’s molecular manometer are well known 
viscosity gauges and Knudsen’s manometer is representative of the radiometer-type gauges. The following 
three types of ionisation gauges are discussed: The hot-cathode gauge, the cold-cathode gauge and the alphatron 
gauge. Reference is made to recent modifications such.as those proposed by Bayard and Alpert. In his 
conclusions the author sums up the comparative merits of the various types of gauges: The McLeod gauge is 
the only reliable absolute vacuum gauge which needs no calibration down to a pressure of 10-*mm. Hg. The 
radiometer-type gauge is the only gauge giving readings of very low pressures independent of the nature of the 
gas present and the ionisation gauge gives the lowest reliable pressure readings of all. 173 references. 


Sommaire : Revue trés complete de tous les.types d’instruments de mesure des basses pressions, donnant les 
principes et performances et dans certains cas l’historique du développement. 
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A Simple Gas-Flow of High Efficiency 


United Kingdom. A device for the delivery of gas into apparatus of systems at a constant rate is described. 
It was developed for experiments requiring the supply of nitrogen at flow rates between 10 and 1,000 c.c.p.m. 
and consists of a pipe joined to the gas cylinder, a part of which is made up from uniform-bore capillary tubing, 
called the choke. In front and at the end of the capillary a side arm structure is joined to the pipe. The down- 
ward tube of the structure carries a disc of sintered glass sealed into the wall. The upward tube,is 3 cm. wide 
and serves as a mercury reservoir. Prior to operation the mercury covers the sintered disc completely but when 
gas is supplied the mercury is forced down the tube until the porous disc is exposed and allows excess gas to 
escape into the atmosphere. If the gas supplied is dangerous, an exhaust pipe can be fitted round the disc to 
carry the gas away. The pressure required to expose the disc is governed by the amount of mercury kept in the 


reservoir. Due to the blowing-off effect the pressure across the choke remains constant and can be adjusted \rticle b 
with an accuracy of 0.2%. Where the resistance to flow offered by the receiving apparatus is high it may be D. H. James « 
necessary to provide a special pressure compensator to ensure continuous supply of a constant mass of gas. C. S. G. Phillips 
A suitable design is described. J. Sei. Instrum, 
29, Nov. 1952 


Sommaire : Description d’un réglage simple de l’écoulement du gaz pour des débits de 10-1.000 cm*/min, 362-363 


Glare-Reducing Glass for Goggles 10/1 
See Abstract No. : 27/I 


13 — ELECTRICAL SCIENCES — 13 


Mathematical Theory of Electrical Discharges in Gases 1A 


Japan. The method developed here depends on the use of a molecular model for collision processes rather 
than on the use of quantum-mechanical collision cross sections. The subjects treated include: Kinetic theory 
of charged particles in gases, velocity distribution of heavy ions in a light gas, velocity distribution of electrons, Paper by 
ionisation by collision, dielectrical breakdown by microwave and for a radiofrequency or static field. T. Kihara 


. Rev. Mod. Phys. 
(Chemical Abstracts) 24, “1952 


45-61 


Sommaire : Une théorie mathématique de la décharge électrique dans les gaz est discutée. 


Transfer of Anode Metal in D.C. Non-Sparking Discharges in High Vacuum 12/l 
See Abstract No. : 15/IV 


Infra-Red Molecular Emission Excited in a Glow Discharge 
See Abstract No. : 2/IV 


The Use of Radioactive Materials for the Generation of High Voltage 


United States. An apparatus is described which facilitates the generation of electrical energy with the help of 
charged particle-emitting materials. Basically, the method consists of charging a condenser by means of 
charged particles moving from one electrode to the other. The emitter, a nickel cylinder 1.5 inch. long, 0.0008 
inch. thick and 0.80 inch. diameter, is suspended from a spherical electrode by means of a metal rod. The 
sphere is supported by a fused quartz insulator with a surface resistance of 2 x 10?°Q which in turn rests on a 
cylindrical collector made from copper, lined with aluminium to reduce secondary electron emission, and 
completely surrounds the emitter. Strontium 90 was used as the radioactive material. Strontium 90 is a pure 
beta particle emitter and has a half life of thirty years. It decays into yttrium 90 with the emission of an 
0.65-Mev electron. The yttrium has a half life of sixty-two hours and emits a 2.16-Mev electron decaying to 
stable zirconium 90. 250 millicuries of strontium 90 were used for the emitter in the form of an aqueous solution 
of strontium nitrate which was evaporated to dryness after application. The current to the collector at zero 
voltage was 1.05x10-°A. The voltage was measured by three different methods which are described 
in detail. Charging was linear in the initial stages but at higher voltages a ‘retarding field for the 
beta-particles established itself and the value of the charging current fell off. In order to counteract current 
leakage observed in the later stages of charging the generator was modified and the emitter suspended 
with no connection to an outside electrode. With this design a maximum voltage of 365 kV was obtained. The 
calculated value was 800 kV. It is believed that the voltage obtained in practice was limited by a vacuum 
breakdown in the space between collector and emitter initiated by secondary electron emission from the 


collector. Other factors limiting the voltage were the electrode material and gas pressure. As long as low Article by 
voltages only are required a generator of this type is comparatively simple to build but costly as about 200 E. G. Linder & 
curies are needed to obtain 1 watt from the beta-emitter. . - ey 
Sommaire : Description d’une méthode de production d’énérgie électrique directement en partant de la radiation 23, ov. 1959 
de matiéres émettante des particules chargées. 1213-1216 
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Titanium Dioxide Rectifiers ; 
United: States. A short note on this work was published in the Technical News Bulletin of the Bureau. This 
article contains a full report of the work on a new type of metal rectifier which utilises a film of titanium dioxide 
on titanium metal. Details of construction are given and results of a few preliminary experiments are reported 
which seem to indicate that the rectifiers have considerable possibilities not yet investigated. 

(B.S. I.R.A. Bulletin) 


Sommaire : Description d’un nouveau type de redresseur métallique qui utilise un film de dioxyde de titanium 
sur du titanium métallique. 


A Stabilised Ion Gauge Control Unit 
See Abstract No.: 14/II 


Apparatus and Process for Forming a Metal-Free Stripe on a Web of Metal-Coated Sheet Material 


See Abstract No. : 17/III 


14 — MECHANICAL SCIENCES — 14 


Vacuum Sealing Irradiation Containers by Cold Welding 

Canada. The method described was employed for the sealing of aluminium capsules containing material for 
irradiation in a reactor. The cold welding dies mounted in a 10-ton hydraulic press were fitted with copper 
bellows, the flanges of which could be sealed together by an O-ring seal. The capsule body was placed in the 
lower die and the lid suspended by springs about half an inch above the capsule body. The dies were then 
moved together until the bellow flanges met and a seal ‘was effected. Subsequently the space within the 
bellows was evacuated to approximately 10+mm. Hg. After pumping down the dies were moved together, 
the lid was pushed off the springs and cold welded to the capsule body. Capsules sealed in this manner with- 


stood 500lb.,inch? internal pressure. 
Sommaire : Le scellement, dans un vide pousse, de capsules est décrit, celles-ci contenant des matiéres devant 


étre irradi¢es dans un réacteur. Ila lieu par laminage sous pression a froid des composants en aluminium. 


15 — PHYSICS — 15 


Electron Discharge Devices 
See Abstract No. : 29/III 


Infra-Red Molecular Emission Excited in a Glow Discharge 
See Abstract No. : 2/IV 


The Use of Radioactive Materials for the Generation of High Voltage 


See Abstract No. : 14/I 


Unbacked Thin Films 
See Abstract No. : 18/IV 


The Design of Optical Filters 

United States. The passage of monochromatic plane polarised light through a combination of thin films at 
normal incidence can be expressed mathematically by a matrix equation which has its analogy with similar 
equations occurring in connection with electrical filter and transmission line theory. The optical properties of 
combinations of thin non-absorbing films are considered by this method. A symmetrical combination of thin 
films is equivalent to a single film at all wavelengths and this is characterised by an equivalent optical thickness 
and refractive index. In particular 3-layer symmetrical combinations of the form P Q P are considered where 
the outer two layers are alike in thickness and refractive index. The equivalent optical characteristics for 
several 3-layer combinations of zinc sulphide and magnesium fluoride are calculated. They may have values 
not possessed by any single existing substance and yet such a film combination may be used in an optical 


15/1 


Article by 
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& W. R. Hosler 
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Stand. 

*49 Aug. 1952 
65-72 
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design in place of the single film to which it is equivalent. If a large number of identical symmetrical units of 
this type are combined to form a periodically stratified medium then in certain regions of wavelengths the 
reflectance of the medium increases tending to 100% as the number of periods tends to infinity. This region 
of the spectral response corresponds to the stop bands of electrical filters. Similarly the other spectral regions 
are the pass bands corresponding to a high transmittance. Each thin film combination corresponds in its 
electrical analogue to a symmetrical filter section having a certain propagation constant and characteristic 
admittance. To match the filter to the surrounding medium corresponds to matching the generator and load in 
the electrical case. This is done by applying suitable matching sections to either side of the periodic medium 
and similarly matching sections have to be inserted at the junction in the case of two different adjoining 
periodic structures. These matching sections may consist of single anti-reflection coatings but in practice a 
compromise is often necessary because such coatings only have an optimal thickness of one-quarter wavelength 
at one wavelength. These principles are illustrated in the design of a band-pass filter using two periodic film 
combinations of 4 periods each and having suitable matching sections. The calculated reflectance curve for 
this design is shown. As another example the design of an anti-reflection coating is also discussed. 


Sommaire : Considérations théoriques sur la construction de filtres optiques, conduisant en méme temps a des 
informations utiles concernant les recouvrements anti-réfléchissants. 


Multi-Filament Vapour Source and Spherical Holder for Interference Filters 
See Abstract No. : 9/III 


Interference Filters in Optics 


United Kingdom. Interference filters consist of a number of thin transparent films of different refractive index 
deposited on top of each other and usually supported by glass. The light entering the filter is subjected to 
multiple reflections between the surfaces of the individual films. Due to double transit of the light across the 
films and phase changes on the reflecting surfaces phase retardations occur which determine the transmission 
factor of the filter. The phase retardation depends on the ratio of film thickness to wavelength. Absorption 
plays no part in the working mechanism of the filter. Where absorption can be tolerated the Fabry-Perot 
type of filter is used which consists of semi-transparent metal films separated by transparent dielectric films. 
This filter has a higher reflective power than the all-dielectric filter. A (measured) tramsmission curve and 
tabulated data of a typical Fabry-Perot filter consisting of a sandwich made of a film of a transparent 
dielectric between two semi-transparent silver films are given and reproduced below. 


TRANSMISSION (%) 
o 6 8 
=} 
min. 

it 


3000 hm 7000+ 9000 
WAVELENCTH (A) 


: 


M 2 3 4 5 


Order of band 
Wavelength of centre of band Am | 8,645A | 5,794A | 4,393A | 3,543A 
62A 77: 177A 


Half-width of band T5A 


30.2 % 33.5% 24.3% 


Peak transmission of band 


Minimum transmission between 


bands 0.15% 1.2% 
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The peak transmission of the band and the intensity of the continuous background transmission are controlled 
by the thickness of the silver film. The peak transmission can be increased by using thinner silver films, but 
this leads to higher background transmission, reduced contrast T,,,,/T,;, and broadening of the half-width. 
At a peak transmission of 30% the background transmission may be as low as 0.25%. In order to improve the 
performance of the Fabry-Perot filter, limited by the absorption in the silver films, Turner designed the 
frustrated total reflection filter, replacing the metal films by transparent films of lower refractive index in 
optical contact with the hypotenuse faces of two prisms. A diagramimatic sketch of this filter and a typical 
transmission curve are shown. This filter has very narrow bands and is particularly efficient in the vltra 
violet and infra-red region where the Fabry-Perot filter is inefficient. Interference filters are usually produced 


by the vacuum evaporation method which ensures uniformity of film thickness. The ‘ neutral’ single-laver _ Article by 
zinc sulphide filter and the working principle of the beam splitter are discussed. K. = —— 
Sommaire : Revue de l'état actuel de la technique de production de filtres interférentiels, avec détails de leurs II, July 1952 
143-148 


performances. 


On the Problem of Reflection Reduction in Optical Glass at Light Incident at an Oblique Angle 26/1 


Germany. Thin layers of certain substances deposited on glass to the right thickness are known to act as 
reflection-reducing films. This effect is due to multiple interference of the light rays reflected at the boundary 
faces of the layer, the so-called zig-zag reflection, and results in increased transmission through the glass. This 
phenomenon has been investigated by a great number of research workers, and its theory is now comparatively 
firmly established, but it is still extremely difficult to obtain results from calculations which are useful for 
practical purposes due to the complexity of the methematical expressions involved. Normally, calculations 
are simplified by assuming that the light is monochromatic and incident at 90° but there are many optical 
apparatus requiring reflection reduction where the light strikes the boundary face invariably at an oblique 
angle. The author investigated the variation of reflection reduction as a function of the angle of.incidence and 
developed equations for the quantitative assessment of reflection reduction at oblique angles of incidence. 
Three cases are covered : The surface of the bare glass, glass covered with a single layer and glass covered with 
a multiple layer. In the case of single layers the author used the value of 1.34 for the refractive index of the 
layer. This appeared to be the smallest value which has still practical significance and gives optimum reflection 
reduction at oblique incidence of light. The results differed little whether the glass be of high or low reflective 
power, in particular if the angle of incidence was large. Similarly all differentiations between coated and 
uncoated glass surfaces as well as between single-layers and glasses of various refractive indices disappeared at 
large angles of incidence. The case of a multiple layer coating is appreciably more complicated as the spectral Article by 


intensity distribution of the individual layer has to be taken into account. H. Pohlack 
Sommaire : Contribution théorique au probleme de la réduction de la réflexion dans le verre optique a lumiére sa ~ yaa 


incidente sous un angle oblique. 103-118 


Glare Reducing Glass for Goggles 


Germany. The glass used in sun glasses and protective goggles for industrial work, such as welding, stops the 
transmission of an excessive intensity of radiation. This can be achieved by chemical means, 7.e., by choosing 
a glass composition which absorbs the excessive radiation. For instance, the addition of FeO promotes the 
absorption of infra-red rays and the addition of Fe,.0. promotes the absorption of ultra-violet rays. If a suitable 
amount of both oxides is admixed the glass will absorb up to 51% of the total radiation emitted by the sun 
and transmit 75% of the sun’s radiation in the visible range. Other compositions mentioned contain neo- 
dymium which is highly absorbent near the D line of the spectrum and vanadium oxide (V,O.' which suppresses 
ultra-violet radiation. Alternatively, physical means can be applied. The U.S. Patent 2,005,426 describes 
spectacles, each glass of which consists of two lenses which polarise the incoming light. One lens is fixed and 
the other can be rotated. The maximum amount of light is transmitted if the polarisation axes of the two 
lenses are parallel. Minimum transmission is obtained when the polarisation axes of the two lenses are in a 
position perpendicular to each other. A third means is described in the German Patent 716,153 where it is 
proposed to use interference phenomena for the purpose. A pile of thin layers of alternately high and low 
refractive index deposited on glass constitutes a filter which reflects light of a certain waveband and transmits 
all remaining radiation. Lhe most efficient form of this filter comprises two metal layers separated by an 
intermediate layer of dielectric material of a thickness not exceeding 10 times the wavelength at which the 
light entering the filter is the strongest. In this arrangement the reflection of light at any given wavelength 


can be increased or reduced almost at will. It is a characteristic of this filter that the absorption is low and Article by 
that very narrow transmission bands can be obtained with an efficient cut-off at either end. . sent ones 
Sommaire : Revue des différentes méthodes de production de verres optiques convenant aux lunettes anti- 85. 5.11.52 
éblouissantes. 508-509 


Ultra-Violet Photography 28/1 
Germany. Ultra-violet photography, apart from its use in forensic science, is particularly suitable for micro- 
photography facilitating the recording of structural detail in materials such as protoplasma and chromosomes as 
the resolving power increases with decreasing wavelengta of the illuminant used. The spectrum of ultra-violet 
radiation extends from 400 mp to 15 mp wavelength. Normal photographic equipment is not suitable for 
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ultra-violet photography. Special emulsions have to be used, of which details are given. The conventional 
objective lens is not corrected for chromatic observation. This can be overcome by providing a smaller aperture 
at wavelengths down to 350 my but further correction is necessary if shorter wavelengths are used. Below 
300 my the ordinary lens absorbs all radiation. If Uviol glass is used for the lens, transmission is extended to 
250 mu wavelength. Quartz lenses transmit radiation down to 185 my wavelength. So far all information 
given refers to operation in air at atmospheric pressure but an air layer of 1 cm. thickness will absorb all 
radiation below 165 my. If arrangements can be made to operate in an evacuated chamber quartz lenses 
transmit radiation down to 150 my and if lithium fluoride is used radiation at wavelengths down to 108 my can 
be employed. The best light source for the purpose is a mercury discharge in a quartz envelope. 


Sommaire : Les divers aspects des techniques photographiques en lumiére ultra-violette sont discutés avec 
référence particuliére au fait qu’en opérant dans une enceinte évacuée, l’on augmente le domaine utilisable des 
radiations ultra-violette dans le cas de lentille en quartz et fluorure de lithium. 


New Methods for the Determination of the Optical Constants of Metals 


Germany. Two new methods have been developed by the author for the determination of the refractive index 
(n) and the absorption index (x). The theory on which the new methods are based is discussed in the first 
section of the article and in the second section a description is given of the experimental procedure applied to 
test the validity of the theory. The metal to be investigated is deposited on the base of a semi-cylindrical glass 
lens, the intensity of the reflection of the film is determined as a function of the angle of incidence and with the 
help of the values obtained the refractive index and the absorption index are calculated. The methods also 
facilitate an assessment of the layer thickness. Results are given for four metals, chromium, silver, aluminium 
and platinum. The first three were deposited by vacuum evaporation at a pressure of 10-° to 10mm. Hg, and 
platinum by cathodic sputtering: Chromium—n=3.57+ 0.02; kx=0.62+ 0.01; film thickness=87.7+4.7 mu. 
Silver—n=0.291+4+ 0.01; x=1715+ 0.1; film thickness=1.26+17 mp. Aluminium—n=1.103+ 0.05; 
k=6.365+0.24; film thickness=91+15 my. Platinum—n=3.18+005; x«=0.917+0.04; film thickness= 
98.6115 mu. The values obtained by the two methods are almost identical. 

Sommaire : Deux méthodes nouvelles ont été développées pour la détermination du coéfficient d’extinction de 
métaux. Ils sont expliqués théoriquement dans la premiére partie et confirmés par l’expérience dans la 
deuxiéme partie. 


The Contamination in Evaporated Films by the Materials of the Source 
see Abstract No. : 7/III 


Crystal Growth and Orientation in Deposits Condensed from the Vapour 


United Kingdom. Details are given of an investigation into the structure and growth of thin films, evaporated 
at an oblique angle to the substrate. The deposition of the films investigated was carried out in a Pyrex tube 
20 cm. long 4 cm. wide. The source was at one end of the tube and the substrates (glass) 2 cm. long and 0.5 
cm. wide were between 0.5 and 0.8 cm. away from the source. The pressure during evaporation was 10-’mm. 
Hg. The thickness of the deposits varied from several thousand A in the region of normal incidence to 200 to 
500 A where the angle of incidence was about 70°. The following materials were investigated: (1) Zn, Cd, Sb, 
Bi and NaCl and (2) Fe, NaF, PbS, CaF, and Al. Two types of orientation were noticed in the deposits: (a) 
In the region of normal incidence a ‘ one-degree’ orientation about a common axis normal to the substrate 
but at oblique angles of incidence showing an azimuthal limitation in the top face of the layer as the deposit 
grew thicker, and (b) a ‘ one-degree ’ orientation about a common axis inclined away from the normal to the 
substrate in the direction of the incident vapour beam but no azimuthal limitation of the orientation even in 
thick films. Type (a) orientation was typical of the materials of group (1) and type (b) of the materials of 
group (2). The group (1) materials have a relatively low melting point (maximum 801°C) and the group (2) 
materials a comparatively high melting point (maximum 1,535°C.) except for Al. It can be deducted therefore 
that type (a) orientation is characteristic of materials with a high and type (b) of materials with a low molecular 
mobility on the substrate and the growing deposit. The structure shown in the top face of type (a) orientated 
layers in the region of an oblique angle of incidence is explained by the preferred growth of crystals, the main 
faces of which are normal to the vapour beam. The initial structure of type (b) orientation must be due to a 
very slight surface roughness of the growing deposit itself. As evaporation proceeds the deposit is progressively 
heated by radiation from the source resulting in increased atomic mobility which permits the arriving atoms to 
take up preferred positions on suitably disposed crystals. As a result the preferred net plane develops into a 
more or less smooth top face of the free surface of the deposit. 


Sommaire : Discussion des facteurs régissant l’orientation des dépcts de films minces déposés sous vide élevé, 
d’un rayon dirigé sur la surface a recouvrir, sous un angle oblique. 


Sublimation and Pseudo-Sublimation 
See Abstract No.: 8/IV 
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Direct Determination of the Sublimation Energy of Carbon 


Belgium. A method is briefly described for the determination of the rates of evaporation from a hot carbon 
surface and of effusion from a graphite furnace. Measurements in the temperature range of 7,450 to 2,840°K 
yielded the value of Lc=141.26 kcal for the heat of sublimation of carbon. The rate of effusion per unit 
aperture area increased with decreasing aperture to total surface area ratio (o). The result is compatible with 
values of the sticking coefficient from 1/500 to 1/5,000. For the ratio c=1/24,000 six measurements were 
made in the temperature range of 2,620 to 2,840°K yielding a value of 145.8+2.8kcal. Theexperimental apparatus 
was situated in an evaporation chamber and was operated by remote control. The chambers could be pumped 
down rapidly to 10*“mm. Hg. The rates of evaporation and effusion were observed simultaneously and 
quantitatively estimated on the base of photometric measurements of the carbon deposited on the target 
(glass) slide. The authors compare their results with those obtained from vapour pressure measurements by 
Brewer and Mastick, and Brewer, Gilles and Jenkins. 


Sommaire: Note concernant les expériences qui démontrérent une valeur relativement élevée pour la chaleur 
de sublimation de carbone. 


On the Mechanism of Evaporation of Graphite 


Belgium. It appears from the experiments published in the letter quoted in Abstract No. 33/I that the sticking 
coefficient of carbon is of a complex nature. The vapour pressure p inside a Knudsen cell is related to the 
equilibrium vapour pressure, to the sticking coefficient and to the ratio of the aperture to total area by p= 
Peg f/(f-+c) The plot of log p/peq vs. log 1/o shown in that letter gives a straight line with a slope at 45° 
as long as o is very much smaller than f. The intercept with the pressure axis gives the apparent pressure 
observed in rate of evaporation experiments. The values obtained by experiment differ from the theoretical 
values in the graph. This might be explained by the fact that the speed of evaporation from a graphite surface 
is given mainly by the rate of evaporation of C, whereas C, is predominant in the equilibrium. The suggested 
value Le=141 kcal combined with Dc,=83 kcal proposed by Herzberg gives Lcg=199.5 kcal (Lc,=2Le— 
De,) and, using Gordons antropy data, the vapour pressure curve of C,. Herzberg et al. have stated that a potential 
barrier exists of about L-/3 which determines the rate of evaporation of C atoms since two C—C bonds must be 
broken to evaporate the first C atom from the graphite plane, but only one to evaporate the second. Hence 
the sticking coefficient of carbon atoms is fj~2.exp [— (1/3)L/cRT|=2.exp [—50.000/RT] and the apparent 
vapour pressure of C atoms=log p* = log peq+log f,, whereas the C, evaporation is not subject to any potential 
barrier. Thus, the apparent vapour pressure determined by rate of evaporation experiments and calculated in 
mass units should be p=pjeq.f;+2! Pyeq and the pressure determined by crucible experiments should be 
P=Pyeq f, (f, +¢0)+2! poeq. This equation was used to plot the variations of log p/peq vs. log 1/o for two 
values of the potential barrier to C; evaporation and good agreement with the experimental data was obtained. 


Sommaire : Commentaires sur le mécanisme de |’évaporation de graphite basés sur les observations faites lors 
de l’expérience décrite dans le résumé précédent. 


Recent Determinations of the Vapour Pressure of Graphite 


United States. The author comments briefly on the information presented in the two letters quoted in Abstract 
No. 33/I and No. 34/I. He states that if it is confirmed that the variation of vapour pressure with o, the 
ratio of orifice to evaporating area, is real then the method of determination described is correct. Doubt is 
expressed however in the validity of the values for the condensation coefficient, f, accepted by the investigators. 
It is stated by the investigators that the main species escaping is C, for the o-range studied previously and 
that this species has a high f value, but at still lower o values the concentration of C atoms which have a low 
f value can build up with the result that the atomic beam consists essentially of C atoms. In the opinion of 
the author the method described offers no opportunity of detecting to an appreciable extent a species with 
a low f value even when the atomic beam consists largely of that species and therefore the abnormally high 
vapour pressure reported at theo value of 1/24000 is not fully explained. All other data mentioned by the 
investigators lies closer to L-=170 than to Le=141kcal. It may be possible that an error is present of the 
type pointed out by Brewer, Gilles and Jenkins at the time, caused by the ‘ tar effect’. Long heating periods 
at very high temperatures are necessary to obtain graphite samples which do not give spuriously high vapour 
pressure values. 

Sommaire : Commentaires critiques sur le procédé déterminant la chaleur de sublimation de carbone décrit 
dans les deux résumés précédents. 


Determination of Surface Geometry and Structure by Microscopy and Diffraction 


United States. Three tools are available for the determination of surface geometry and structure of a material 
in the solid state : The light microscope, the electron microscope and the electron diffraction camera. The light 
microscope has a resolution of 1,300 A when visible light is used. In the infra-red its resolving power is smaller 
and in the ultra-violet greater. Normally examination is carried out by reflected light. There are three types 
of illumination for use with opaque specimens : Bright field, dark field and polarised light. Normally examina- 
tion in the light microscope will only yield the required information if correlated with electron microscopy. 
In the electron microscope the wavelength employed is approximately 0.05 A. Its resolution is approximately 
20 A. Examination is carried out by transmission. As the electron beam cannot penetrate thick sections of 
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matter replicated specimens are used made from plastic, silica or inorganic oxides less than 1,000 A thick. 
In the electron diftraction camera a focussed beam of high-velocity electrons is diffracted from the surface of 
a specimen. Here again the thickness of the specimens should be less than 1,000 A. Reflection and trans- 
mission techniques are applied. For examination by diffraction at a depth greater than 500 A X-ray diffraction 
has to be used. Examination by electron diffraction yields information on the condition of the top surface of a 
material. It facilitates the detection of oxide films, grease or other contaminations present. Studying surface 
problems one can either examine the surface in situ or the outermost layers can be stripped from the bulk. A 
method of stripping by electrolytic action, developed by the author himself, is described. The stripping cell 
consists of a borosilicate glass U-tube with a fritted glass filter at the bottom. Both ends of the U-tube are 
covered with a rubber stopper. The sample holder is suspended from one stopper and the platinum cathode 
from the other. Means are provided to supply argon or nitrogen gas and potassium chloride solution to the 
limb holding the sample. The surface to be stripped is scored with a needle into small squares and mounted 
with the scored surface downwards. Gas is admitted and the cell is filled with hot potassium chloride solution 
until the sample and the cathode are covered. Then, stripping is started by connecting the electrodes to a 110 
volt d.c. power supply. As the films are stripped, they fall to the bottom of the tube. After removal of the 
potassium chloride solution, the films are washed and transferred to the electron diffraction camera or electron 
microscope where they are dried by the action of the vacuum. The author applied this technique in an 
investigation of metal surfaces polished by various means. Where abrasives were used the metal surface 
assumed properties different from those of the bulk material. Electrolytically polished surfaces revealed a 
structure more nearly resembling that of the bulk of the material. A series of micrographs is shown of a surface 
of arc-melted titanium which illustrates the advantages offered by combining the results from examinations 
in a light microscope with electron microscope examinations. 


Sommaire : Un article sur les utilisations des microscopes optiques, électronique, les diffractographes, seuls ou 
en combinaison, pour l’exploration de la géometrie des surfaces et la structure de matériaux. 


Heat Transfer to Mercury 
See Abstract No. : 30/II 


Diffusion Measuring Meter 
See Abstract No.: 24/II 


Radio-Frequency Mass Spectrometer for Upper Air Research 
See Abstract No. : 20/II 


16 — CHEMISTRY — 16 


Vacuum Dehydration of Streptomycin 
See Abstract No.: 7/II 


A Large Capacity, All-Glass Dispersion Oxygenator and Pump 


United States. An apparatus for the oxygenation of blood is described which operates on the principle that a 
large interface is created between the oxygen and the blood by bubbling oxygen through the blood. The 
apparatus is made from Pyrex glass and essentially consists of an oxygen disperser, a coalescence chamber and 
a pumping chamber, assembled vertically on top of each other. Venous blood enters the oxygen disperser 
which consists of a porous fritted tube surrounded by a glass jacket. The oxygen enters the disperser through 
the jacket and mixes with the blood in the form of small bubbles. The oxygenated blood is delivered to the 
coalescence chamber which contains glass beads or polyethylene fibre coated with a non-toxic water-insoluble 
polymethylsiloxane compound. This promotes coalescence of the bubbles into large bubbles. The large 
bubbles, together with some of the blood, rise into the pumping chamber whereas the bubble-free oxygen- 
ated blood is returned to the subject. The pumping is effected by a mechanical rotary pump or a large capacity 
water jet pump providing a suction pressure of about 2 inch. Hg. In order to obtain the necessary pulsating 
action (alternating suction and pressure period) two electrodes are fitted in the pumping chamber at different 
heights. When in contact with the blood the electrodes cause two valves to open or close the suction and 
pressure line respectively at the appropriate moments. The blood is taken by catheter from the venae cavae 
of the subject and returned to the aorta through the femoral or carotid artery. All surfaces in contact with 
the blood must be rendered hydrophobic by coating with a Silicone except for the porous tube inthe 
disperser. The pumping chamber is designed for flow rates ranging from 500 to 2,000 ml. per min. A 10 mm, 
suction stroke is equivalent to a volume of 20 ml. ‘ Elastic chambers ’ joined to the feeding and delivery line 
of the apparatus have a buffering effect on the pulsating action of the pump: suction is maintained in the 
vein, while the pump is on the pressure stroke and pressure is maintained in the artery while the pump is on 


Article by 
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the suction stroke. Anti-coagulents are used such as heparin admixed at a rate of 10 mg. p. kg. which is 
neutralised with protamine, but other materials are still being investigated. The apparatus has been used 
successfully with animals weighing up to 20 kg. substituting for the functions of the heart and the lungs for 
periods up to 75 mins. It oxygenates blood at the rate of 2 |.p.m. and needs only 500 ml. of donor blood for 
its operation. It costs less than $200 to build. 

Sommaive : Un oxygénateur pour usage clinique, se substituant temporairement aux fonctions du coeur et des 


poumons, est décrit en détail. 


The Moisture Content of Dried Plasma and Its Determination 
See Abstract No.: 10/IV 


Isotopic Method Determines Water Content 

United States. A method developed at the National Bureau of Standards is briefly described which uses heavy 
water for the determination of the total water content of biological tissue and other materials. The method is 
based on the separation of the hydrogen and deuterium emission lines due to the isotopic shift. A known 
amount of the material to be tested is dissolved in a mixture of heavy water and ordinary water. Exposed to 
a high frequency electrodeless discharge, the water vapour of the sample is dissociated into H and OH and 
into D and OD. ‘The ratio of excited hydrogen to deuterium is then determined by measuring the relative 
intensities of the hydrogen line 4861.3 A and the deuterium line 4860.0 A. The method is claimed to be 
accurate within 0.5% and can be applied to any material which contains a small well defined number of labile 
hydrogen atoms. 

Sommaire : Description d’une méthode utilisant l’eau lourde pour la détermination de l’eau totale contenue 


dans des tissus biologiques. 


The Semi-Continuous Deodorisation of Oils in All-Glass Equipment 
See Abstract No. : 51/III 


The Technique of Vacuum Still Operation 
See Abstract No. : 43/III 


Improvements in the Simple Distillation of Fatty Acids by Continuous Methods 
See Abstract No. : 45/III 


Spectroscopic Study of Small Samples in a Hollow-Cathode Discharge 
Canada. A H,O-cooled hollow-cathode discharge tube is described cont. Al electrodes connected with a gas- 
circulating and purification system. A sample cont. less than 10y of an element can be used to study the 
hyperfine structure of the principal lines in an exposure of a few hrs. The useful life of the sample in the 
discharge is about 10 hrs., and up to 80% of the sample can be recovered. 
(Chemical Abstracts) 
Sommaire : Un dispositif de tube a décharge a cathode creusé pour l’analyse spectrochimique de petites quantités 
de gaz, est décrit. 


Radiation from Freshly Evaporated Layers of Metal and Salts 
Germany. The following effect, apparently discovered by Russell (1897) was investigated. If a clear glass 
plate is covered with an evaporated film of e.g. Al or NaCl, and is then laid with its coated face on a photo- 
graphic plate, the plate shows a pattern on development. The effect is due to low energy (appr. 40 eV) electrons. 
Contrary to the statements of Kramer (Der Metallische Zustand, Goettingen 1950), the effect does not relate 
to the transition from the amorphous to the metallic state, but depends on oxidation or adsorption. The effect 
of scratches, layer thickness, the support material, etc., is to influence the reaction speed. 
(Science Abstracts) 


Sommaire ; Une autre contribution au phénoméne observé lié a l’effet Russel décrit dans le resumé no 215/I. 


Catalysis on Evaporated Metal Films. The Efficiency of Different Metals for the Reaction between Ammonia 
and Deuterium 


United Kingdom. The work reported in the present article is connected with an investigation published 
previously by the same author, where it was shown that in the case of an evaporated nickel catalyst the hydrogen 
atoms in ammonia were replaced by deuterium by successive reaction. In the present investigation the reaction 


Article by 
L. C. Clark, Jr., 
F. Hooven & 
F. Gollan 
Rev. Sci. Instrum. 
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1s studied using other metals such as platinum, rhodium, palladium, tungsten, iron, copper and silver as catalysts. 
The experimental apparatus was the same as used in the previous experiments. A mass spectrometer was 
employed to follow the exchange reaction. The reaction vessel had a volume of 180 cm® and was kept in ice 
during the evaporation process. In the case of copper, platinum, rhodium and palladium catalysts, the mixed 
gas was admitted at a pressure of 11.6 mm., with the catalysts immersed in dry ice and acetone. For the other 
catalysts the pressure was 12.9mm. and the temperature 0°C. In the case of the first group of metals the 
amount of each gas admitted was estimated to be 4.5 x 1018 mol. and in the case of the second 4.1 « 1048 mol. After 
admission of the gas the temperature was raised to that required for the reaction and the relative amount of 
the four ammonias determined at intervals. It was found that the relative amounts of deutero-ammonias 
formed in the reaction were independent of the nature of the catalyst. The initial product was NH,D in all 
cases. Each catalyst film could be used at two or three temperatures. In the case of platinum, rhodium, 
palladium, nickel, tungsten and iron the catalytic activities were proportional to the weight of the film. The 
variation with temperature of the initial rate of reaction per 10 mg. of catalyst is shown in graphs. The surface 
area of the films was estimated by measuring the amount of deuterium absorbed at 0.1 mm. and O°C. Taking 
into account the data obtained for the initial rate of reaction the number of ammonia molecules reacting per 
secoud on a surface of 100 square cm. could thus be calculated. This quantity is related to the activation 
energy and the frequency factor (A) as shown by an equation given in the article. With the help of this formula 
activation energies and frequency factors could be determined (see Table 2, partially reproduced below). The 


Table 2—Activation Energies and Frequency Factors 


Crystal Structure | Activation 
and Lattice Energy Temp. | LogioR 
Catalyst Parameter (keal/mole)| (°K) at T°K| Log,,A 


Platinum f.c.c. (3.92) 5.2 235 16.4 21.2 
Rhodium f.c.c. (3.80) 6.7 286 16.3 21.4 
Palladium f.c.c. (3.88) 8.5 302 15.8 21.9 
Nickel f.c.c. (3.51) 9.3 339 15.1 21.1 
Iron b.c.c. (2.86) 12.5 408 14.8 21.5 
Copper f.c.c. (3.61) 13.4 485 153 21.3 
Silver f.c.c. (4.08) 14.1 544 155 21.2 


observation that the relative amounts of the deutero-ammonias formed are independent of the catalysts used is 
proved theoretically to result from the fact that only 1 hydrogen atom is exchanged at a time. By developing 
differential equations an expression is found for K, the initial rate of production of NH,D, which defines the 
manner in which the deutero-ammonia develops with time and agrees with the values obtained in the experi- 
ments. As shown in the table the frequency factors are practically identical for all metals investigated and 
the whole variation in catalytic activity is due to a difference in activation energy. Plotting activation energy 


against work function it can be seen that the activation energy tends to be lower on metals with high work Article by 
functions. The author concludes with a discussion of possible mechanisms of the reaction. C. Kemball 

Sommaire : Compte-rendu sur l’efficacité comme catalyseurs, d’autres métaux que le nickel, résultant des rly Sept. 1952 
observations des effets catalysants du nickel évaporé, pour la réaction en ammonium et deuterium. "413-426 


Unbacked Thin Films 
See Abstract No. : 18/IV 


Thermodynamic Properties of Silicon Monoxide. An Experimental Study of the Equilibria SiO,-+-Si=2SiO and 
SiO, + H, =Si0+ H,O 

United Kingdom. An unstable gaseous monoxide of silicon has been known to exist for some time. Silica 
contained in certain refractories, e.g. beryl and zircon, can be removed completely as gaseous silicon monoxide 
by heating in a vacuum at 1,450°C. with the requisite quantity of silicon. As siliceous refractories are frequently. 
used for high temperature work under reducing conditions it is of great practical importance to obtain informa- 
tion on the origin and properties of silicon monoxide. The thermodynamic properties of the gas were investi- 
gated before but the results of these studies did not agree. The authors used an inert gas entrainment technique 
to measure the equilibrium pressure of gaseous silicon monoxide formed in the reaction SiO,+Si=2SiO over 
mixtures of silica and silicon at 1,200 and 1,650°C. Details are given of the furnace and the materials used. 
Argon was used as the entraining gas. The silicon was a commercial ‘ fused lump ’ grade crushed to —400 mesh 
and the silica an amorphous product (Neosyl) specially treated prior to use. The furnace consisted of a sintered 
alumina tube. Two methods of measuring entrainment were employed, the ‘ loss of weight’ method and 
the ‘ collection ’ method. In the former the boat containing the material was weighed before and after passage 
of a known volume of argon and in the latter the entrainment gases were removed from the hot zone, cooled 
and the condensation products weighed. Details of both methods are given. Prior to a run and after loading 
the furnace was evacuated by a rotary pump and heated to remove as much moisture as possible. At 300°C 
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argon was admitted and the temperature raised to 1,200°C. for a few hours then the furnace was cooled and 
the experiment started. During the run the pressure in the tube was one atmosphere. The results are given 
in Tables 1 and 2, reproduced in abbreviated form below. In evaluating the measured values the molecular 
weight of the gas was assumed to be 44. 


Argon Entrainment Measurements on the Reaction SiO,+Si22Si0 
Table I Weight-Loss Method 


Argon Entrained SiO 
Flow Duration | Observed | Corrected | Entrained mg./litre K 
Temperature,| Rate*, | of Run, W eight W eight SiO | Extrapolated to ‘ 

°C. (°K.) | litves/hr. hr. Loss, mg | Loss, mg.| mq./litre | Zero Flow Rate (p SiO) 


1,300(1,573) | 0.62 19.0 15.4 BS 7.20 x 10-# 
1,350(1,623) | 0.65 67.1 37.5 2.18 x 10-8 
1440(1,713) | 0.63 45.2 24.0 1.42 x 10-4 


* At 15°C end 1 atm. pressure 


Table II Collection Method 


(The duration of each run in this series was I hr.) 


Argon Entrained S10, 

Flow Weight of | Entrained mq./litre : 

Temperature, Rate,* Condensed Si0, Extrapolated to Ky 
C0.) litres/hr. SiO, mg, | mg./litre | Zero Flow Rate (p*s;0) 


1,500(1,773) 0.57 30.0 42.0 4.87 x 10+ 
1,580(1,853) 0.54 5. 84.0 93.5 2.29 x 10-8 
1,647(1,920) 0.58 3. 126.0 150.5 5.59 x 10-3 


* At 15°C and 1] atm. pressure 


Table III 


Partial Pressures of Water Vapour in Equilibrium Gas from the Reaction 
Si0,+ H,=Si0+ H,O 


No. alm. kg.cal. 
3 1,355 1,628 1.13 " 43.9 

15 1,559 1,832 3.06 3. 40.8 

23 1,653 1,926 8.65 : 36.4 


In order to obtain equilibrium constants and standard free-energy data from the reaction SiO,+ H,=SiO—H,O 
a flow method was used providing for rapid cooling of the reaction products to prevent reversal of the 
reaction. The reaction gave the ordinary brownish silicon monoxide condensate and a cold gas containing 
a measurable pressure of water vapour. Quantitative study of the equilibrium was made possible by the use 
of thermal-conductivity analysers (katharometers) for the determination of the water vapour pressure. 
Before a run the system was evacuated and the furnace heated slowly to 1,200°C. Dry hydrogen was 
then admitted at a rate of 1 to 2 litres per hour and the analyser recorder started. Readings were taken 
at 50° intervals up to 1,650°C. The results of the measurements are given in Table 3 partially reproduced 
above. The values of k, conform to the expression k,=p%y.5/Pi2, Where pug iS expressed in 
atmospheres and py, is 1 atmosphere in all cases. The values of standard free energy changes shown in Tables 
1, 2 and 3 are derived from the relation AG°= — RT log,k,. In the case of reaction SiO,+Si=2SiO these 
values plotted as AG°/T lie on a straight line which can be expressed in the form AG°=117.1—0.0509 T 
kgcal. These results agree satisfactorily with those published by Schafer and Hornle. In the case of the 
second reaction the values of k; shown in Table 3 may be too high as a result of traces of moisture introduced 
into the gas stream during measurement but at high temperatures this error should not be great. The 
values of A G° given for the first reaction are sufficiently accurate to facilitate the prediction of the behaviour 
of gaseous silicon monoxide at high temperatures. The outcome of the experiments confirms that silicon 
monoxide is a normal product of reduction of silica (or silicates) at temperatures in the steel making range. 


Sommaire : Les propriétés thermo-dynamiques du monoxyde de silicium ont été étudiées et surtout la 
formation du monoxyde gazeux partant de la silice et du silicium. 
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A Vapour Pressure Chart for Metals 52/1 
United States. From the empirical form of the Clausius-Clapeyron equation log p = — A/T+B the known 

vapour pressures of 52 metals were plotted as log pvs. 1/T. It can be seen that all curves converge into a very 

small area with the point of convergence at roughly 10,000 atm. and 10,000° C. The values of A (the slope of Report by 
the vapour pressure curve) and B (the intercept of the curve at 1/T=O) are given in a table. The chart A. E. Res. Dept. 
facilitates the estimation of the vapour pressure of a metal at any temperature as long as one vapour pressure North American 


Aviation Ine. 


value is known. Only Zn, Cd, Hg and Cs deviate from the slope of the line predicted by the chart. ; 
S.A E. Rep. 


Sommaire : Un tableau a été préparé qui facilite la détermination de la pression de vapeur de 52 métaux, si | xy, V4 4-<pR-132 
une seule valeur de la pression de vapeur est connue a une température quelconque. July 1952 


Tungsten and Molybdenum in Vacuum Engineering 53,1 
Austria. The metals of the sixth group of the periodical system to which tungsten and molybdenum belong 
are known for their high atomic binding powers. The properties which make tungsten and molybdenum 
useful in vacuum engineering largely originate from the high cohesive strength of the tungsten and molybdenum 
lattice. These properties are: A high melting point, high temperature resistance, low vapour pressures, etc. 
But for the same reason it is difficult to produce these metals in compact form by normal melting procedures. 
For molybdenum, vacuum arc melting has recently been introduced but so far it has not achieved great practical 
importance. The normal process provides for the ore to be converted to WO, and MoO, reducing it with 
hydrogen. The powder obtained is pressed into rods and sintered by passing electric current through the rod 
at a temperature just below the melting point. The rod can be fabricated into sheets, wires, etc., by rolling, 
drawing and forging. During fabrication the strength of the material and its density increases continuously. 
The molybdenum lattice has lower cohesive strength than that of tungsten. For that reason tungsten has a 
higher melting point, lower vapour pressures, greater strength and hardness, and a smaller thermal elasticity 
coefficient. On the other hand annealing of molybdenum wire increases the elasticity of the wire at the point 
of recrystallisation and the material will become brittle only after a protracted period of annealing. Pure 
recrystallised tungsten has a reduced tensile strength but the addition of 0.7% of aluminium oxide or thorium 
oxide will improve the strength. Tungsten and molybdenum are widely used in resistance heater elements, in 
particular for high-temperature furnaces operated in a vacuum or in a protective atmosphere. Tungsten is 
also used for hot cathodes where it serves the double purpose of a heater element and an electron emitter 
Its emission is comparatively poor, but sufficient for most purposes as it can be heated to very high tempera- | 
tures. Higher emission can be obtained by coating the tungsten cathode with a monomolecular layer of a | 
thorium or barium compound which reduces the work function of the tungsten surface. An indirectly heated | 
cathode known as the L-cathode is described, which is connected to a vessel containing a mixture of barium | 
| 
| 


and strontium oxide. During operation the mixture continuously diffuses through the material to the surface 
of the cathode and thus a layer of low work function is maintained on the cathode face indefinitely. Both 
metals are good electrical conductors and have a thermal coefficient of expansion equal to that of hard glass. 
Both metals can be used therefore in glass-to-metal seals and, at temperatures beyond 400°C., show a better 
performance than Kovar metal. Two tables are added to the article, one of which is reproduced below. 


Chemical Behaviour of Tungsten and Molybdenum 
| 
Agent Tungsten Molybdenum 
Atmospheric air Oxidises at temperatures from 400°C. Oxidises at temperatures from 250 
upwards. upwards. 
Acids Not affected by hydrochloric acid, sulphuric Not affected by hydrofluoric acid, cold 
acid and hydrofluoric acid, but attacked by hydrochloric acid and sulphuric acid, but 
a mixture of hydrofluoric acid and nitric attacked by a mixture of hydrofluoric avid 
acid. and nitric acid, hot nitric acid and aqua regia. 
Alkalis Not affected by caustic soda and caustic As for tungsten. 
potash but attacked by molten alkalis in the 
presence of air or other oxidisers such as 
sodium nitrite, potassium nitrite or 
potassium nitrate. 
Carbon and Carbide formation begins at 1200°C. and is Carbide formation begins at 1100°C and is a 
Hydrocarbons complete at 1500°C. complete at 1500°C. 
Nitrogen Nitride formation above 2000°C. Nitride formation above 1500°C. Glas & 
Hochvakuum 
Tech. 
Sommaire : Les propriétés du tungsténe et molybdéne qui rendent ces métaux utiles pour les constructions Dec. = 
a vide sont discutees et il est fait mention d’un nombre de leurs applications. 134-13! 
A Novel High Vacuum Furnace 5i/l 
See Abstract No. : 40/III 
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Molydbenum Wound Hydrogen Atmosphere Furnaces 


United States. Furnaces of this kind require a reducing and non-carbonizing atmosphere for their operation 
and are normally designed for work at temperatures near 1,600°C. In the present article advice is given on the 
fabrication of such furnaces. The most essential component is the refractory tube, core or muffle which supports 
the heater element. The refractory material must be chemically inert with respect to the molybdenum and 
the protective atmosphere. Up to 1,450°C. a silica bonded fused element can be used. Above 1,600°C. 
stabilised zirconia should be used. Due to the electrical resistance properties of zirconia the material can be 
used as a heater element directly at temperatures above 1,500°C. In this manner a temperature of 2,200°C. 
can be obtained with only 9% of the total current passing through the molybdenum winding. The length of 
the resistor winding can be calculated from Ohm’s law. The wire should have a thickness of 0.04 inch. to 0.08 
inch. and should be properly annealed. The load should not exceed 65 watt per square inch of the wire. The 
turns should be spaced at least $ inch apart and 2—24 volt per turn should be used. For the purpose of insula- 
tion the resistor is embedded in a refractory cement or covered by another refractory tube, split lengthwise 
into two sections. Details are given of the design of the steel chamber normally used for these furnaces. Pure 
hydrogen or cracked unhydrous ammonia are employed to provide the protective atmosphere. The latter is 
cheaper to use, if large quantities are required, but needs a cracking furnace. In operation the furnaces should 
be heated up slowly to prevent over-heating of the resistor which, in turn, may cause arcing or melting of the 
tube. Forty hours should be taken to reach 1,600°C. and another eight hours to reach 1,800°C. Cooling of the 
furnace, too, should be gradual. The electrical power should be turned off completely only after six hours of 
cooling and the hydrogen supply shut down when the furnace is well below red heat. 


Sommaire : Conseils rélatifs aux plans et a la construction de fours chauffés par une résistance au molybdéne 
et opérants en atmosphére d’hydrogéne. 


Two Laboratory Furnaces for Melting Titanium Alloys 
See Abstract No.: 41/III 


Purifying Titanium Sponge by Vacuum Distillation 
See Abstract No. : 38/III 


Gas Content Control 


United Kingdom. The British Non-Ferrous Metals Research Association has developed a method for the 
determination of the gas content of a light-alloy melt. The test is carried out under reduced pressure. During 
cooling, oxide films form on the surface of the molten metal which prevent the dissolved gas from escaping. Ifa 
sample of the material is placed in an evacuated chamber the trapped gas forms bubbles which enlarge the 
volume of the sample and produce an irregular appearance of the surface. During the final stages of solidifica- 
tion the bubbles may break through the surface. Normally the test is qualitative only but a quantitative 
assessment can be made if test conditions are rigidly controlled. The apparatus developed for the purpose is 
mounted on a trolley and consists of a chamber which can be evacuated by arotary pump. A dial gauge and 
means for leaking-in air to break the vacuum are provided. The crucible holding the sample, made from 
uncoated iron, is washed in the melt before the test is started. The vacuum required (20mm. Hg) can be 
obtained in 10 seconds. If the sample is gas-free the surface of the sample is smooth and somewhat depressed 
after solidification. If only a few bubbles are formed the surface will rise slightly, but if the metal is very gassy 
the surface will show ‘ cauliflower formation’. Details of two tests are given. The data of one is reproduced 
below. 
Reduced Pressure Tests on LM 4 Alloy Melt 


Treatment of Melt Percentage Voids in 
Sand-Cast Bar Reduced Pressure Test 


Poled with green wood. 2.4 Vigorous evolution of bubbles. 
* Cauliflower’ top. 


Degassed and then poled again with 1.9 As above. 
green wood. 


Blown with Chlorine for 2} minutes. 1.2 Moderate evolution of bubbles. Slight 
rising of surface. 


Blown with Chlorine for a further 14 0.6 No bubbles evolved. Sunken surface. 
minutes. 


Blown with Chlorine for a further 5 04 As above. 
minutes. 


Sommaire : Détails d’un appareil spécialement construit pour facilites ]’évaluation qualitative de gaz inclus 
dans les alliages légers a l’état de fusion. 
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Thermal Etching of Iron and Steel 


United Kingdom. The author surveys the literature on thermal etching of iron and steel which dates back to 
1888. Fifty publications are quoted. The first to publish on this subject was Osmond (1888) who carried out 
experiments in hydrogen without the use of corrosive media. A few years later Rosenhain and Humfrey 
discovered the a, 8 and y modifications of iron with the help of thermal etching methods. The greater part of 
the work mentioned was carried out in vacuum and a number of the publications quoted contain descriptions 
of specially developed vacuum furnaces. The author reports on some of his own work concerned with surface 
effects, resulting from heating and cooling plain carbon steels in various atmospheres and in vacuum. When 
hypo-eutectoid steels are heated into the austenite range in vacuum or argon, grain boundaries are formed 
which correspond to austenite grains. On cooling, graphite appears at the surface. When cooling is completed 
the surface of the specimen consists of areas of graphite of a structure equal to austenite together with clear 
regions of pearlite. Chalmers, King and Shuttleworth investigated the mechanism of thermal etching and 
came to the conclusion that the surfaces produced by thermal etching are equilibrium surfaces of minimum free 
energy. A diagram shown in the article depicts the equilibrium configuration of a thermally etched surface 
where T, is the surface tension of grain A, T,, the surface tension of grain B and T,,, the surface tension at the 
interface between grains A and B. These forces form angles of «, 8 and y with one another. Then T,/sina= 
T,,/sinB=T,,/siny. Greenough and King replaced the surface tension in the formula by surface free 
energies : E,/sina=E,/sinB=E,,/siny. Assuming that the free energies are independent of the orientation : 
E,n=2E, cos y/2 where E,5=E,=E,. In this way the interfacial energy between adjacent grains can be 
calculated. Shuttleworth believed that the surface pattern formed in thermal etching is the result of ionic 
migration in the first instance and that evaporation of atoms is a contributing factor. If etching was carried out 
in a gas atmosphere the evaporating atoms would be returned to the surface and the net result of this process of 
evaporation and condensation would be a surface configuration equal to that produced by ionic migration. 
If the process was carried out in a vacuum condensation would be absent and the atomic layers would be 
stripped in a manner which of itself would not produce boundary grooves. The author believes that initially 
the loss of atoms by evaporation will be greatest at the boundaries. Uniform stripping of atomic layers over 
the surface will take place only after the equilibrium surface has been established. 


Sommaire : Compte-rendu sur divers procédés de recherches et les résultats obtenus dans |’étude de la structure 
du fer et de l’acier par décapage a la chaleur. 


Pre-Shadowed Replicas for Electron Metallography 
See Abstract No. : 17/II 


Sub-Surface Porosity Developed in Sound Metal During High Temperature Corrosion 


United States. Inconel (75% Ni, 15% Cr. and 10% Fe) has been examined for a form of corrosion which has 
only been recognised recently and creates sub-surface voids in the alloy due to a depletion of chromium in the top 
surface. A leaching, an evaporation and an oxidation test were carried out.The first test consisted of bringing 
molten alkali metal fluoride salts into static contact with Inconel at temperatures above 1,300°F. After the 
test the chromium content of the surface was reduced to 5% and the chromium content of the solution increased 
accordingly. In the second test the Inconel was heat-treated for 24 hours in a vacuum of 0.1mm. Hg at 2,500°F. 
and then cooled. Chromium has a higher vapour pressure than the other two base metals and after the treat- 
ment the chromium content was found to be reduced to 8%. In the third test the Inconel specimen was 
exposed to air for 200 hours at 2,280°F. Subsequent metallographic examination revealed the usual oxide 
layer and also oxide penetrating adjacent grain boundaries for a short distance. The sub-surface voids were 
much deeper than expected. The probable mechanism of this phenomenon is explained as follows: As 
chromium atoms leave the surface a concentration gradient is created which causes chromium atoms to diffuse 
to the surface from below. As a result vacancies occur in the sub-surface area and the vacancies, normally 
existing in the lattice structure of the metal or at surfaces, grain boundaries, etc. can be visualised to move 
into the interior while the atoms diffuse to the surface. The number of missing atoms in sub-surface voids 
observed in the experiments reached the order of 101°. 


Sommaire : Des phénoménes de porosité dans la région a la surface immédiatement sousjacente d’alliages 
appauvris en chrome par suite de corrosion, sont étudiés. 


The Stability of Inorganic Compounds in a High Vacuum 


Liechtenstein. TiO, was evaporated in an ordinary coating plant fitted with a resistance-heated source. On test 
the films deposited showed absorption although the composition was the same as that of the material prior to 
evaporation. The experiment was repeated with TiO,, sintered and pressed into a rod and applying the 
required heat by radiation. The same results were obtained. This was an indication that a chemical 
change had taken place in the material during the transfer from crucible to the support, but as a result of 
a dissociation process and not as a result of a reaction with the crucible material. In another experiment 
carried out with NiO it was established that the dissociation pressure of the oxygen rises with the temperature 
of the compound. If the partial pressure of the oxygen in the bell jar is below that of the dissociation pressure 
of the oxygen, oxygen will be released from the compound until equilibrium is established. As a result the 
stoichiometrical composition of NiO changes and, therefore, the final composition of the substance should be 
indicated as NiO,. While pumping proceeds the pressure in the chamber decreases and the numerical value of 
the suffix X approaches O. This method of reducing metal oxides to the pure metal is fundamentally different 
from melting and sintering metals in the medium range of sub-atmospheric pressures. In that range one can 
effect a degassing of the melt but not a dissociation of the oxides in the melt. In’a series of experiments sintered 
copper oxide was heated to 800°C. at a pressure of 10-*mm. Hg. When equilibrium had been reached the copper 
oxide was heated quickly to 920°C. Measurements taken at the same time showed that the pressure in the 
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chamber increased initially due to the dissociation of the oxygen but after a short while decreased again 
indicating that the speed of diffusion of the oxygen from the interior of the body of the metal was slow. It 
appears advisable therefore to reduce metal before it is sintered. Normal protective atmospheres are of little 
use in these operations as their partial oxygen pressure is comparatively high. The sintering of ceramics in a 
high vacuum is not necessarily an advantage. During the sintering process a partial reduction of the oxygen 
compound may take place and the finished product may no longer be of the required composition. 


Sommaire: Les causes et le mécanisme des changements chimiques, a l’intérieur de composés d’oxydes 
métalliques, lors de l’évaporation sont étudiés. 


Important Steps in Investment Casting 

United Kingdom. A brief description is given of the main exhibit of the Design and Research Centre at the 
British Industries Fair, 1952. The subject was investment casting. Each step in the process of manufacturing 
jewellery by this method was illustrated by an exhibit of the production apparatus required. Nine 
steps were shown: (1) Making the Master Model, (2) Making the Rubber Moulds, (3) Wax Injector, (4) 
Mounting the Wax Pattern, (5) Selecting a Suitable Investment, (6) Investing, (7) Burning Out, (8) Casting 
and (9) Knocking out. Under (6) reference was made to the part vacuum plays in the process. 


Sommaire : Bréve note concernant l’ordre des opérations dans la méthode de moulage 4 la cire perdue. 


A Powder Camera Modification for High Temperature Photographs 

United Kingdom. The design of a unit is described which facilitates the taking of high temperature powder 
photographs of steel specimens in the form of thin strips with the help of an ordinary camera. It consists 
of a 9 cm. diameter brass disc with a current lead at the centre. The specimen was mounted vertically below 
the disc and connected to the lead at one end. The other end was held in a small steel bracket soldered to a 
rod suspended from the disc. The specimens had the shape of a ribbon 24 cm. long, 0.125 mm. thick and 4 mm. 
wide. The central portion was reduced to a width of 1 mm. over a length of about 1 cm. and was twisted so 
that one } turn was completed in the area exposed to the X-ray beam. In this way the same diffraction pattern 
was obtained as if a wire specimen was used. The vacuum case holding the specimen consisted of a brass 
cylinder 3.5 cm. long and 2.5 cm. wide, sealed off at one end and bolted with a flange to the brass disc at the 
other. The observation window was 5mm. x 200° which permitted only half of the conventional symmetrical 
powder photograph to be taken. Thus only 2/3 of the normal film length were required. No accurate 
temperature measurements were needed in this particular application but there was enough room for an optical 
pyrometer to be sighted through the space left in the window. An oil diffusion pump unit was used for the 
evacuation of the chamber to 0.lh. Photographs at temperatures up to 1,000°C. were taken with this unit. 
The exposure periods lasted up to 2 hours. 


Sommaire : Détails sur un appareillage spécial pouvant étre utilisé avec une caméra ordinaire pour la prise 
d’images de diffraction 4 haute température, d’échantillons d’acier, alors que l’on ne dispose pas d’une caméra 
pour hautes températures. 


Impregnation Improves Casting Quality 
See Abstract No. : 32/III 


The Electrical Resistivity of Thin Tin Films with Lattice Defects 
See Abstract No. : 20/III 


19 — SCIENCES (other than the above) — 19 


Introduction to the Vacuum Concrete Process 
See Abstract No. : 48/III 


Flight-Tone and Wing-Stroke Frequency of Insects and the Dynamics of Insect Flight 


Finland. Various methods are available for the determination of wing-stroke frequency in insects, for instance 
the kymograph and the chronophotographic method. The acoustic method which determines the wing-stroke 
frequency (v) by the flight-tone is rarely used although it can be very exact and permits observation of the 
insect in free flight. The wing-stroke frequency of insects varying from 0 to 1,000 per sec. is known to be 
related to the wing and body dimensions and to the wing-stroke angle. There may be also a dependence on 
temperature, but a dependence on atmospheric pressure has never been proved conclusively. Chadwick has 
shown that the wing-stroke frequency in Drosophila is an indicator of energy consumption generally and that 
this method can be used for a quantitative approach to the dynamics of insect flight. Two series of experiments 
were carried out. In the first series, conducted at atmospheric pressure, the following relationship between 
wing-stroke frequency (v) and inertia (I) was established : v oc I-0.35 + 0.05. In the second series the insects 
were flying in a bell jar which could be evacuated by a water jet pump. As before, the frequency was determined 
by acoustic methods with the aid of a microphone placed inside the bell jar. The results established the 
relationship : v oc p°—>—0.25. The exponent depends on the size and frequency of the wing-stroke. The 
above observations permit the development of a mathematical expression for the energy used by the insect 
to keep the wings in motion and permit the tentative conclusion that the main work done by the insect is 
directed against overcoming wing-inertia. The effect of the surrounding air pressure may vary but accounts 
for less than 1% of the total effort. 


Sommaire: La dynamique du vol d’insectes a été étudiée théoriquement at expérimentalement, faisant 
partiellement usage des procédés de vide. 
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20 — PUMPS — 20 


Method of Realising High Vacua by Ionisation. Design of an Electronic Pump 


Brazil. The conditions whereby an electrical discharge can be instrumental in lowering the pressure prevailing 
in a vessel are investigated theoretically. It is shown that one cannot obtain a pumping effect from a d.c. 
discharge in a tube of reasonable dimensions. Gas clean-up by adsorption on the walls and electrodes should 
not be mistaken for pumping by ionisation. In order to achieve a real pumping action special provision must 
be made for the maintenance of a strong ion current in the central region of the tube which ensures that the 
number of ionised gas molecules travelling in one direction is at all times greater than the number of gas 
molecules which freely diffuse in the opposite direction. The experimental design of an electronic pump is 
described which begins pumping at 10-*mm. Hg and gives an ultimate pressure of 5 x 10-*mm. Hg. 


Sommaire : Les exigences théoriques pour la construction de pompes 4 ions sont discutées et des détails sur les 
performances d’une pompe sont donnés. 


Design of Radiation-Heated Cathodes for Ion Pumps 


United States. Cathodes used in ion pumps must have a long service life and withstand a current of 20 A. 
Filaments, even if wound from } inch diameter, were never found to last longer than 70 hours. Disc-shaped 
electrodes were used, therefore, which were heated indirectly. The emitting part was a tantalum or tungsten 
disc 3 inch. in diameter, heated by a filament placed in a heat shielding can of the same diameter. The working 
area of the emitting surface was 45cm*. In order to maintain the surface temperature of 2,500°K needed in 
the case of a tantalum disc and taking into account heat dissipation by radiation the heat input was calculated 
to be 3.53 kW. Heat losses through the heat shielding can were to be kept at 10% of the known shielded 
value. This required a minimum of 9 heat shields. The can had a radiating area of 93 cm*. Assuming an 
average emissivity of the tungsten sheet surface of 0.3 the heat loss using 10 shields was calculated to be 570 
watt. Additional losses caused by holes in the shields for filament stems etc. were calculated to be 335 watt. 
-Thus, the total power requirements were5 kW. A strip heater was used which was to operate at 3,000°K. Its 
effective area was 77 cm*. The consumption of the heater fluctuated during operation from 3.6 kW to 5.5 
kW due to the fact that a variable amount of energy was taken up by the arc itself and that the emission 
characteristics of the tantalum surface varied. Tantalum cathodes built on these lines lasted 336 hours. The 
service life is governed by the thickness of the disc. Under normal operating conditions the wear rate is 0.75 
g.p-h. In the present experiments the plates had a thickness of finch. In addition a button was provided in 
the centre of the surface which appeared to lengthen the life of the plate. The thickness of the plate could not 
be increased beyond a certain limit as the temperature drop through the plate is 130°C. p.cm. and the temper- 
ture of the filament would have to be raised excessively. For this particular design the optimum thickness is 
1.5 cm. which equals approximately 500 hours service life. The wear rate is largely controlled by the gas 
pressure, and is roughly proportional to the arc potential. An arrangement to reduce wear consists of a cone 
replacing the flat disc into which the arc extends. As a result the sputtered material is re-deposited on the 
emitter itself several times before it finally escapes. A check on a tantalum cone after 91 hours operation 
showed a wear rate of 0.27 g.p.h., t.e., the life of such a cathode could extend to 1,000 hours. 


Sommaire: Rapport sur une cathode spéciale en forme de disque chauffé indirectement par un filament 
convenable, et développée pour l’emploi dans des pompes 4 ionisation. 


A Large-Capacity, All Glass Dispersion Oxygenator and Pump 
See Abstract No.: 41/I 


Vacuum Pumps for Pressures Below One Torr 
See Abstract No.: 6/I 


Improvements i.o.r.t. Pumps Having Sliding Vanes 


United Kingdom. The present invention represents a development of the design of a rotary pump described 
in Brit. Patent No. 534,339. The object of both designs is to reduce the friction of the moving parts of the 

ump. The sliding vanes in an excentrically positioned rotor are controlled by the circular flanges of guide 
plates fitted to the end plates of the stationary housing by means of a ball bearing. In the case of the older 
design the necessary clearances will only be maintained as long as the pump operates as a compressor. The new 
patent covers a modification of this arrangement which will ensure that the necessary clearances are maintained 
irrespective of whether the pump operates as a compressor or as an exhauster. 


Sommaire : La construction d’une pompe a palette est décrite, ayant pour but particuliérement de réduire la 
friction entre les palettes et les parois latérales du stator. 
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Dust Filters for Rotary Vacuum Pumps 

Germany. Dust particles entrained in the pumped gases are liable to damage the pump rotor. Dust filters 
should be used, therefore, wherever possible. Two designs are described. The first suitable for the removal 
of coarse dust particles from the gas stream is of the U-tube type and can be fabricated from an iron pipe 
whieh. is fitted with lids at both ends and filled with Raschig rings. The size of the filter depends on the 


resistance of the charge to the gas flow, the pressure in the system and the nature of the gas. The resistance 


of the charge to the flow can be determined by the formula R=K. aa where | is the depth of the 


filter, q the sectional area of the filter, d the diameter of the individual Raschig ring and k a constant, the 
value of which falls with the pressure. Thus the resistance of the filter decreases as pumping proceeds. In 
the pressure region of 0.1 to 0.3 mm. Hg an excessive pressure gradient in the filter can be avoided if its diameter 
is about 8 times that of the suction pipe. As the pipes are normally dimensioned for a gas speed of 10 metres 
p.s. the speed through the filter is only 0.15 metres p.s. At this speed 1/d (in mm.) can be chosen to be 20; 
consequently, if the rings have a diameter of 50 mm., the filter depth is 1,000 mm. For small pumps rings 
with a smaller diameter should be employed, say, 25 mm. or 15 mm. resulting in a filter depth of 500 mm. and 
300 mm. respectively. In many cases dry Raschig rings give satisfactory service but normally the rings are 
dipped in oil before use and only one layer of dry Raschig rings is used at the end of the filter facing the pump. 
For the removal of very fine dust a filter of the continuously circulating oil type gives better results. The 
latter consists of an oil circulation pump, a tower with an oil sump at the bottom, a charge of Raschig rings in 
the centre and a wire screen carrying a separate layer of Raschig rings at the top. Filters of this kind will also 
remove entrained vapours of substances which are soluble in the pump oil and may cause corrosion in the 
pump. Design data and an illustration of the filter are given. 


Sommaire : La construction et l’emploi de filtres 4 poussiéres pour pompes a vide a palettes sont décrits. 


Vacuum Dehydration of Streptomycin 

United States. During experiments with the freeze-drying method in the production of streptomycin it was 
observed that the oil of the rotary pumps was progressively contaminated with water vapour, although the 
pilot plant in question provided condensers for the collection of the moisture. After a run of three hours the 
pumps had to be stopped regularly for about 2-30 minutes in order to change the oil. This difficulty was 
overcome by fitting an oil reclaimer which purified the oil continuously. The dirty oil arriving from the 
pumps was first filtered through a bed of Fuller’s earth or absorbent clay and then subjected to the drying 
action of an electrically heated vapouriser and vacuum pump. After cleaning the oil was collected in a storage 
tank and returned from here by gravity feeding to the pumps. The provision of the oil reclaimer eliminated 
the periodical stoppages and as a result the production was increased by 15%. 98% of the dirty oil was 
reclaimed. 

Sommaire : En connection avec la lyophilisation de streptomycine, un dispositif de purification pour l’huile de 
la pompe a palette a été introduit qui réalisait 15°, d’augmentation de production au total. 


Valve Arrangement for Vacuum Pumping Units 
See Abstract No. : 36/II 


21 — GAUGES — 21 


A Novel Method for the Estimation of Very Low Pressures 

United States. During work with a field emission electron microscope at pressures of the order of 10-7mm. Hg 
brightness fluctuations were noticed on the screen, the size and frequency of which was compatible with 
individual molecular impacts. Following up this observation a special experiment was conducted subliming 
phthalocyanine dye onto the tungsten tip. The deposited molecules could be seen as individual 4-leaf clover 
patterns at the magnification employed. Whenever a fluctuation of the brightness of the deposit occurred a 
record of the time was taken. After 14 readings the interval between two impacts averaged 2.9 seconds or 
0.35 impacts per second. The area of the molecule was 100 sq.A, thus the pressure in the chamber could be 
calculated. The value obtained was 0.55 x10-7mm. Hg. A direct measurement with the ionisation gauge 
gave 1.2x10-‘mm. Hg. 

Sommaire: Description d’une méthode nouvelle d’estimation des pressions extreémement basses dans un 
microscope électronique 4 champ d’émission. 


Method and Apparatus for the Measurement of Very Small Gas Pressures 
See Abstract No. : 7/I 
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A Compression Vacuum Gauge with a Large Working Range 


Australia. A compression type vacuum gauge is described which differs from the conventional Mcleod 
gauge by having a capillary U-tube manometer in place of the usual closed measuring capillary. The other 
end of the U-tube manometer is returned to the vacuum system. The pressure is measured by reading the 
difference in height on the two limbs of the mercury manometer. The usual bulb is cylindrical and by taking 
the mercury up to different marks on this cylinder several compression ratios are obtainable with one gauge. 
The advantages claimed are that a large range of pressure can be covered. The U-tube manometer can be 
filled with a low vapour pressure oil to increase the sensitivity of the gauge. 


Sommaire : Le développement d’une jauge du type a compression est décrit, celle-ci étant basée sur le principe 
de McLeod, mais couvrant un domaine plus étendu que cette derniére. 


The Pirani Gauge 


United States. The working principle of the Pirani gauge and improvements of the original design proposed by 
Kersten, Brinkman, Rittner and Von Ubisch are reviewed. The gauge has the following main advantages : 
(1) It is suitable for the measurement of low pressures. (2) It gives a quick response at low pressures, if a thin 
filament is used. (3) Filament materials are known which permit its operation in corrosive atmospheres and 
(4) a wide range of pressures can be covered if the design is suitable. Its main disadvantages are : (1) The 
zero point tends to shift and (2) radiation interferes with the working of the gauge at pressures below 10-’mm. 
Hg. Its normal range is 10-4 to 10-'mm. Hg, but Von Ubisch has described a design which increases the range 
to 50mm. Hg. Rittner built a gauge, described in the article, with a sensitivity of 1x10-*mm. Hg at low 
pressures and + 0.35mm. at 15mm. Hg. The authors report on the performance of a gauge which they con- 
structed themselves. A tungsten or platinum filament 16 cm. long 0.025mm. thick, hairpin shaped and kept 
taut by a glass weight hooked over the loop of the wire, was suspended in a tube of 9mm. diameter which was 
immersed in a Dewar vessel containing crushed ice and water. During experiments in a hydrogen atmosphere 
at pressures between 10-* and 10mm. Hg the platinum wire took a current of 26 mA and showed a sensitivity 
of 6.6 volt per mm. Hg whereas the tungsten wire required a current of 40 mA and showed a sensitivity of 
5.1 volts per mm. Hg. The zero position was determined by heating the filament at O pressure for } hour and 
taking several voltage readings until a constant value was obtained. For the determination of the zero shift 
the gauge fitted with tungsten wire was heated at 40 mA and O pressure. After 7 hours a drift up to 0.1% 
was observed. Allowing for a zero shift of this order the calibration curves were reproducible. Calibration 
curves for xenon, crypton, neon, argon, helium, hydrogen and nitrogen are shown for both increasing and decreas- 
ing pressure in the range from 10-* to 10-'mm. Hg. Contrary to statements made in previous publications the 
curves do not show linear relationship between voltage and pressure in the range up to 0.1mm. Hg. Finally 
the authors compare values for the manometric constant proposed by Von Ubisch with those based on their 
own experimental results which deviate appreciably from the former. 


Sommaire : Revue des connaissances actuelles de la jauge Pirani, et détails sur certaines expériences conduites 
par les auteurs sur les caractéristiques de la jauge. 


Heat Conductivity of Gases at Low Pressures 
See Abstract No.: 4/IV 


Stabilised Ion Gauge Control Unit 


Canada. The description and circuit diagram of a control unit is given which is similar to the one available 
from Distillation Products (type HG-200), but which can be fabricated from readily available components. 
It consists mainly of a stabilised power supply to provide the electrode voltages for the gauge tube, a d.c. 
amplifier for reading the ion current and a control circuit to maintain the electron current constant. The grid 
voltage is -12.5 and the gauge tube current 5 mA. Detailed operating instructions are given covering also 
degassing procedures and the detection of grid anode and grid filament leakages. The unit described is designed 
for use with the VG1A gauge but will suit other types of ionisation gauges. The calibration curves and a 
photograph of the unit are shown. 


Sommaire: Détails sur un coffret de commande pour jauge a ionisation, pouvant étre fabriqué a l'aide d’éléments, 
faciles 4 se procurer. 


22 — MEASURING PLANT (VACUUM) — 22 


The Design and Use of the Electron Diffraction Camera 


United Kingdom. Examination by electron diffraction gives information on the arrangement of atoms and 
molecules in a material and at the same time an indication of its crystalline form, but its use is restricted to the 
study of surface layers of bulk materials or very thin films. The plant required for this work, an electron 
diffraction camera, consists of a chamber, which is pumped down to 10--*mm. Hg pressure and contains an 
electron gun made from tungsten wire. The electron gun is joined to the specimen chamber by a tube some 
50 cm. long. In order to ensure that an electron beam of suitable strength is travelling along the axis of 
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the camera, the position of the filament has to be adjustable. In a similar manner the specimen holder 
position must be adjustable to make certain that the beam just grazes the specimen surface. The design of a 
specimen adjuster for use with reflection techniques is described and shown in an illustration. In addition 
lateral motion of the specimen across the beam must be provided for examinations by transmission. The 
photographic plateholder holds one or more photographic plates. Its lid, carrying the fluorescent screen on 
the outside, can be opened, while the holder is inside the camera. The plate is normally exposed for 1 second. 
A diffusion pump unit is required for evacuation and an ionisation gauge for pressure readings. The latter 
should be of the hot cathode type as the cold cathode type may cause the electron beam to be deflected by 
the magnetic field in the gauge. In order to obtain sharp diffraction patterns the electron beam must be 
focussed to a small spot on the screen or photographic plate. The focussing device consists of a d.c. operated 
coil placed round the tube between gun and specimen chamber. Its position must be adjustable. In 
the case of a camera with a screen-to-gun distance of 100 cm. the coil should be 30 cm. away from the fila- 
ment and should have a diameter of 25 cm. The electron gun requires a supply of 30-100 kV. Details of 
the conventional power pack are given and a circuit diagram shown. An oscillator power unit developed 
recently for the purpose is mentioned. Advice is given on specimen preparation techniques. Difficulties arise 
when non-conducting materials are examined as the specimen becomes charged and repels the incident electron 
beam. To avoid charging-up it is recommended to coat the edges of the specimen with a conducting film (e.g 
Aquadag) thus establishing contact with the metal parts of the holder or to provide a separate gun in the 
vicinity of the specimen which sprays the specimen with electrons. 

Sommaire : Revue des particularités de construction saillantes et les applications pratiques du diffractographe 


électronique. 


An Electron Diffraction Instrument 

United Kingdom. A specimen placed in the path of the beam in an electron diffraction camera forms displaced 
images of the source on the screen. The shape of these images depends both on the source and the character- 
istics of the specimen. If the specimen consists of a number of crystals with random orientation, a series of 
rings appears on the screen. The radial distance by which the rings are separated from each other depends 
on the crystal lattice parameters. The minimum radial distance dR, at which two adjacent rings can still be 
distinguished as separate entities, forms a basis for the definition of the resolving power of the instrument. 
The actual value of dR depends on the intensity distribution across the rings. The authors investigating 
these conditions came to the conclusion that a separation by 1.4 a (a=radius of the diffracted spot) represents 
the limit of resolution. Thus differentiating Bragg’s law the resolving power can be expressed by 


dR 1.4a 1.4a dhki 


R 

where R is the radius of the diffracting ring, dnki the lattice spacing corresponding to R, L the specimen-to- 
screen distance and A = (150/V) A the wavelength of the electrons accelerated through V volts. a can be 
calculated if the electron gun and lens characteristics are known, from a formula given in the article and taking 
into account all sources of aberration and the effect of the specimen. For values of the specimen-screen distance 
= 40 cm. the radius of the source = 0.002 cm., the image-focussing lens distance = 56 cm., the source focussing 
lens distance = 30 cm., the spherical aberration constant = 600, the acceleration voltage = 50 kv., the radius 
of the diffraction ring = 4 cm, and the mean size of the crystals in the specimen = 200 A, the inherent resolving 
power is found to be 1 in 750. A graph showing the inherent resolving power as a function of lattice spacing 
for two source sizes (0.001 cm. and 0.002 cm.) clearly demonstrates that the resolving power is limited only by 
source size and the nature of the specimens. It is important therefore to make the electron source as small as 
possible. The values for the radius of the source quoted above are representative of the guns generally in use 
today. Their present performance can be improved by 75% if careful adjustments are made to the filament 
shield distance, and if sharply pointed filaments are used. The authors proceed with a description of a new 
camera design based on the above considerations. The instrument is built in the form of a vertical column 
which consists of five demountable sections : the gun, the focussing lens, the alignment assembly, upper and 
lower specimen chamber, and the viewing chamber. The gun filament is r.f. heated and surrounded by a cathode 
shield which is automatically biassed. The gun supplies an electron current of up to 1 mA. with a divergence 
angle of about 0.05 radian. The alignment mechanism for the gun and the focussing lens, permits the un- 
diffracted spot to be directed to any part of the fluorescent screen. The upper specimen chamber has 4 ports 
and the lower specimen chamber 4 ports and 2 ports at 50 cm., 25 cm., and 12 cm. distance from the photo- 
graphic plate respectively. A magnifying lens can be inserted between the upper and the lower chamber. 
The specimen manipulator can hold several specimens and the camera cassette two 3} sq. inch plates. The 
pumping unit consists of an oil diffusion pump and a 2-stage rotary pump. Pumping-down time is approxim- 
ately 3 mins. Details of the electric circuits are given. The power supply for the gun ranges from 25 to 100 
kv. The inherent resolving power of the instrument ranges from 1 in 500 to 1 in 1,000. 


Sommaire : Un appareil a diffraction électronique ayant un canon a électron relativement réduit est décrit en 
détail et la relation entre pouvoir résolvant, grandeur du canon et types de spécimen utilisés sont étudiés 
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Pre-shadowed Replicas for Electron Metallography 


United States. The electron microscope is a transmission type instrument and can only be used for the 
examination of specimens which are reasonably transparent to the electron beam. Thus, where the surface 
of a material such as bulk metal is to be studied, a replica has to be prepared in the form of a thin film. 
The material used for replication must facilitate faithful reproduction of detail and must have a minimum of 
internal structure. Three suitable types of material are known: oxides, plastics and metals. The first are 
excellent in all respects but can only be used where metals form amorphous oxide films on their surface, e.g. 
aluminium. The second are widely used because the preparation technique is simple but are inferior in quality 
to the other two and the third give faithful reproduction but the replicas are very fragile. The technique of 
preparing plastic (Formvar) replicas is described in detail. In practice, the plastic replica does not reproduce 
faithfully sharp edges in the original surface. Also, the side of the film opposite to the original surface is not 
flat but tends to follow the contour of the original surface and the average thickness of the replica is greater 
than that of an ideal replica. As a result the contrast is reduced. The introduction of the shadow casting 
technique greatly improved the contrast in plastic replicas but at the same time caused the structure of the 
plastic to appear in the micrograph. This limits the resolution to the size of the structure of the particular 
plastic used (100-200 A). To overcome this drawback the pre-shadowing technique was developed. The 
method consists of shadowing the original particle first, before casting the plastic film over it, so that the 
structure of the latter is not shown in the micrograph because it is not metal-coated. The stripping of pre- 
shadowed replicas from etched metal surfaces is difficult and formed the subject of a special investigation by the 
authors. The idea of providing a parting layer on the original! material prior to shadow casting had been 
mentioned before but no material was known which would not affect the resolution of the replica. After a 
methodic search the authors suggest the use of Victawet 35B. The material is applied by vacuum evaporation 
from a special evaporation source 4 to 5 cm. away from the specimen immediately prior to shadowing without 
breaking the vacuum in the chamber. The evaporation of the parting layer should be carried out slowly with 
the tungsten filament at dull red heat but immediately after deposition the filament current is increased to 20 
to 25 A momentarily (1 or 2 seconds) for a heat treatment of the layer. Subsequent to this operation there 
is no change in the conventional technique of preparing pre-shadowed replicas. Micrographs are shown 
illustrating the uses of the pre-shadowing technique in investigations of plain carbon eutectoid steel. 


Sommaire : Les usages et limites des répliques sont discutés et un procédé évitant les difficultés s’opposant au 
détachement de la réplique de l’u~iginal est décrit. 


Determination of Surface Geometry and Structure by Microscopy and Diffraction 
See Abstract No. : 36/I 


Colour in Electron Microscopy 


United Kingdom. Micrographs of the same specimen taken at various voltages, say 25 kV and 75 kV will be 
identical to some extent but in addition will show different details as the scattering and absorption of the beam 
by various parts of the specimen depends on the wavelength of the beam, 7.e., on the accelerating voltage. It 
is proposed to take pictures of a specimen at three different voltages, to tag each in a colour such as red, green 
and blue and to arrange for optical superimposition. The composite colour picture obtained in this manner 
shows not only variations in density but also in colour, each colour indicating the wavelength applied. If the 
colours are chosen carefully, a pseudo-depth effect can be produced which, in some applications, constitutes 
an improvement over the effect of shadowcasting techniques. 


Sommaire : Il est proposé de superposer des micrographies prises d’un spécimen a différentes longueurs d’ondes 
de l’électron photographiquement, de caractériser chaque photo par une couleur différente. a fin de donner de 
la profondeur au micrographies obtenues au microscope électronique. 


Radiofrequency Mass Spectrometer for Upper Air Research 


United States. Up to 80 km. altitude upper air research can be carried out by using sampling bottles, but at 
greater altitudes the collection of samples in bottles is impracticable because of the probability of selective 
absorption and recombination at the walls of the bottle. A Bennett type 7—5 cycle radiofrequency mass 
spectrometer adapted for the purpose is described. It has been designed to fit the base of a Viking “Rocket 
nose and to scan the composition of the upper air between mass numbers 48 and 5, once per second. The 
instrument is to operate at altitudes of 100-160 km., 7.e., at pressures of 8 x 10-* to 2 x 10-*mm. Hg and 
may furnish data on diffusive separation and possibly dissociation of the oxygen molecules at these heights. 
The working principle of the Bennett radiofrequency mass spectrometer is discussed and the modifications 
made to the conventional design are described. Details of the circuitry are given. In experiments testing 
the merits of (ion accelerating) voltage sweeps versus frequency sweeps it was found that the ion current 
showed a critical dependence on the magnitude of the radiofrequency potential. As it is difficult to build a 
simple sweep oscillator with a high amplitude stability covering a large frequency range a voltage sweep was 
used. This necessitated the addition’of a grid to suppress the background which varied as the voltage was 
changed. With a radiofrequency of 3.9 Mc. and a sweep varying between —250 V. and —25V. the instrument 
covered the whole range of mass numbers. The scanning rate was set by the frequency response of the 
system used for telemetering the data to the ground. The r.f. voltage for the analyser was supplied by an 
oscillator of the modified Pierce type. The whole instrument was packaged into 4 units weighing 45 Ib. and 
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occupying 1.4 ft.* of space. The box containing the tube was pressure-tight in order to prevent an evacuation 
of the rocket instrument section, pressurised at one atmosphere, in case the glass envelope of the tube should 
break. The tube was connected by a brass bellows to the outside of the rocket. The outlet was protected by 
a rubber stopper during the take-off which was forced out by the pressure differential shortly afterwards. 
The operation of the instrument was started by a timer at 100 km. altitude. The resolution of the instrument 
was about 1 in 25. 


Sommaire : L’on a adapté un spectrométre de masse a fréquence radiophonique du type Bennett a l’usage dans 
des fusées, en liaison avec des recherches a haute altitude au dela de 150 km. 


Mass Spectrometer Studies of High Vacuum Materials 
See Abstract No. : 28/II 


Brazing Vacuum-Tight Joints in High Nickel Alloys 
See Abstract No. : 33/II 


26 — MATERIALS — 26 


Glass Surfaces in a High Vacuum 

Germany. In the past the behaviour of glass surfaces exposed to a vacuum was mainly of interest to the 
valve and bulb manufacturer the problem being the prevention of gas evolution from the glass surface. Recent 
developments in vacuum coating added to this the necessity of eliminating layers of foreign matter from the 
glass surface prior to deposition. The present article surveys relevant research work bearing on both problems. 
Substances can be bound to the glass surface in three different ways: (1) By chemical binding, (2) by absorption 
and (3) by adsorption. As it is not always possible to make certain which of the three conditions apply it is 
the custom to speak generally of absorption. The absorption mechanism has been investigated theoretically 
by Fajans and Weyl who stipulated that the chemical behaviour of atoms and ions present in the boundary 
face is governed by the structure of the electron shell surrounding the nucleus. In certain materials the forces 
within the atom remain stabilised although a few surplus electrons are removed from the outer shell during 
an ionisation process. Ions of this kind are O*, F-, Na+, Mg*+, AlS+, Sift, K+, Ca?+ and B*+. In others the 
removal of electrons from the exterior orbits will cause effective polarisation of the charge of the ion. Ions of 
this class are Cd*+, Zn*+, Sn*+, and Pb?+. A Pb?+ ion in the boundary face for instance can be polarised by the 
field of force in the glass. It will then act like a Pb‘+ ion with respect to the body of the glass, but like a 
neutral lead atom with respect to the area surrounding the glass. An Si‘t+ ion in the boundary face on the other 
hand has two free valencies which cannot be saturated from within the glass as it does not react to the internal 
field force. The latter, therefore, will show a tendency to absorption from without. This has been confirmed 
by experiment. A freshly broken glass surface will cover itself rapidly with OH ions in places where Si ions 
are present. These layers are instrumental in forming a water skin but the OH ions can be replaced by ions 
of the fluoride groups which promote the formation of hydrophobic films. Langmuir investigated the evolution 
of gases and vapours from glass of the type used in valves and bulbs and found that essentially water vapour 
was liberated. Harris and Schumacher investigated six glasses giving a proper chemical analysis as shown in 
the table reproduced below. 


Chemical Analysis of Glasses Examined by Harris and Schumacher 
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0.78 0.57 2.99 
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Glass (3), (4) and (6) had the lowest softening-point, (5) the highest and (1) and (2) intermediary values. 
Determining the liberation of water and carbon dioxide they found that glass (5) evolved the lowest amount 
and glass (1) and (2) the highest amount. In the case of (3) (4) and (6) the maximum amount of gas was 
liberated at 200C and in the case of the others at 300C. Dealing with the problem of cleanliness as required for 
vacuum coating it is stated : the removal of fatty layers can be effected by chemical means. The removal of 
the remaining layers can be attempted by heating the glass in vacuum, but in the case of optical glass this 
proves impracticable as the glass would not stand up to the temperature required. For this reason Strong 
introduced the method of cleaning by ion bombardment. The large amount of gas liberated in this method is 
explained by the fact that ion hitting the glass produces intense heat locally in the uppermost layer of the 
surface. The thermal energy is passed on to neighbouring atoms and molecules and creates thermal oscillations. 
There is an upper limit to the energy applicable in ion bombardment which is set by the heating effect on the 
glass sutface as a whole. If the heat is excessive breakage of the glass may occur. After a while the quantities 
of gas liberated in the treatment become smaller. This is due to the creation of new surface conditions resulting 
from electrode sputtering and introducing clean-up effects. Therefore, the ion bombardment must not be 
carried on for too long. Finally it is stated that adhesion of the metal film is best on glass surfaces containing 
a high number of polarisable metal ions. 


Sommaire : Les propriétés physiques du verre et son comportement quand il est utilisé dans un récipient 
evacué, ont été etudiés. 


Diffusion Measuring Meter 


United States. The apparatus described facilitates the testing of materials intended for use in vacuum systems. 
It consists of a glass tube which can be separated in the centre in order to introduce a specimen of the material 
to be tested in the form of a disc. On one side the tube is connected to a diffusion pump and on the other to a 
U-tube manometer. One arm of the U-tube manometer leads to atmosphere and the other is calibrated in c.c. 
On the same side a needle valve is fitted to the tube, positioned between two stopcocks. An ionisation gauge 
is placed on either side of the specimen to be tested. In operation the two stopcocks are opened and the needle 
valve kept closed. The liquid in the two legs of the manometer will then be at equal height. After pumping 
down to a pressure of approximately 0.05 micron Hg the pressure is checked by the ion gauges. The stopcocks 
are then closed, a reading of the U-manometer is taken and one stopcock and the needle valve slightly opened. 
The air admitted through the valve will diffuse through the sample at a rate depending on the porosity of the 
specimen and the pressure differential between the two parts of the test tube. Now readings of all three gauges 
are taken at one minute intervals. During the normal length of a run the pressure differential will not change 
noticeably. Thus an indication of the volume change ouly is sufficient for a proper assessment of the relative 
porosity of the materials tested. A practical application of the instrument is described, the results of which are 
partly reproduced below. As shown in the table carbon has a higher porosity than clay. 


CARBON CLAY 


Ionisation 


Tonisation 


U-tube Gauge behind U-tube Gauge behind 
Manometer Time pee fn Specimen Manometer Time Specimen Specimen 
30. Mins. Hg. Micron Hg. Mins. Micron Ho. Mieron Hg. 


0. 0 0.05 0.05 1.2 0 0.05 0.07 
0.1 1 0.09 0.09 1.3 1 0.06 0.06 
0.3 2 0.06 0.06 1.4 2 0.07 0.06 
0.5 3 0.08 0.08 1.5 3 0.08 0.06 
0.8 4 0.1 0.08 1.6 4 0.08 0.06 
5 0.1 0.08 5 0.09 0.07 


Sommaire : Description des possibilités d’essai de matériel structural destiné a l’emploi dans des systémes a 
vide en particulier en ce qui concerne leur porosité. 


Direct Determination of the Sublimation Energy of Carbon 
See Abstract No. : 33/1 


On the Mechanism of Evaporation of Carbite 
See Abstract No. : 34/I 


Recent Determinations of the Vapour Pressure of Graphite 
See Abstract No. : 35/I 
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Mass Spectrometer Studies of High Vacuum Materials 


United States. Many vacuum systems, baked complete for outgassing purposes, are fitted with Silicon rubber 

or Teflon gaskets. In order to determine the outgassing characteristics of these materials an O-ring of Silicon 
rubber and a piece of Teflon sheet were tested in a 60° Nier-type all-metal mass spectrometer, with a source 
oven for distilling vapours from solid samples into the ionisation chamber. The accelerating potential was 
2,000 V. and the ionising electron energy 75 V. Mass scans were taken at various temperatures. A mass 
cracking pattern of the Silicon rubber obtained at 195°C. is shown. The data presented for Teflon was taken 
at 361°C. No appreciable effects were noticed in the case of the latter until a temperature of 250°C. was 
reached. The tests show that Teflon is more suitable for the purpose than Silicon rubber. Outgassing and 
vaporisation begin at a higher temperature and its ion fragments are smaller in number and simpler. The 
properties of Silicon rubber at about 250°C. are poor. It is very brittle and changes to a powder when crushed 
mildly. A mass cracking pattern of Octoil S is also shown. 


Sommaire : Les qualités de dégazage de caoutchouc au Silicone et de Teflon, fréquemment utilisés comme 
joints dans des systémes a vide pouvant étre recuits, ont été studiés au spectrométre de masse. 


Thermodynamic Properties of Silicon Monoxide. An Experimental Study of the Equilibria SiO, +]Si= 2 SiO 
and SiO, + H, = SiO + H,O 


See Abstract No.: 51/I 


Heat Transfer to Mercury 


United States. The results of measurements of heat-transfer coefficients using a parallel-flow heat exchanger 
with Hg as the working fluid are reported. The measurements cover the whole range of turbulent flow from 
the critical up to a Reynolds number of about 100,000. The measured forced convection coefficients are 
compared with those calculated from existing empirical formulae (McAdams, Eagle and Ferguson) and with 
those calculated from the momentum-transfer and vorticity-transfer theories of turbulent flow and with such 
other measurements as are available. In all cases the agreement is poor; the reasons for this are discussed and 
it is concluded that the most probable reason is that, under the conditions of these measurements the Hg did 
not wet the walls of the tube. Nevertheless the results should provide data from which a Hg heat exchanger 
could be designed to an accuracy of + 25% for conditions under which no wetting takes place. If the Hg does 
wet the walls then the coefficient will be multiplied by a factor which is tentatively put at about three from a 
survey of all available information. This uncertainty emphasises the urgent need for measurements under 
wetting conditions. 

(Nuclear Science Abstracts) 


Sommaire : Les résultats de la mesure de coefficients de transmission de la chaleur, utilisant un échange de 
chaleur a écoulement paralléle et du mercure comme fluide actif, est décrit. 


Sub-Surface Porosity Developed in Sound Metal During High Temperature Corrosion 
See Abstract No.: 61/I 


Brazing Vacuum-Tight Joints in High Nickel Alloys 
See Abstract No. : 33/II 


28 — APPARATUS COMPONENTS — 28 


Brazing Vacuum-Tight Joints in High Nickel Alloys 


United States. It is difficult to obtain a finished product which is vacuum-tight when brazing large sections 
of Inconel. The brazing job described here was required in the production of a mass spectrometer tube. 
Inconel was used for the criticial regions and stainless steel for the rest of the tube. Apart from being vacuum- 
tight all joints had to be absolutely clean after the brazing operation. Prior to brazing the parts were sand- 
blasted, chemically pickled, washed in hot detergent solution and finally degreased and rinsed in pure acetone. 
The parts were then placed in a retort. 18 hours before brazing the retort was closed and hydrogen circulated 
through it continuously. When the furnace used for the process had reached 2,280°F temperature the retort 
was placed into the fire pit and the covers replaced and sealed with loose fire bricks. Subsequently, the furnace 
temperature was reduced slowly. At 2,050°F the retort was removed from the furnace and rapidly brought 
down to room temperature by spraying with cold water. Details of the quenching arrangement are shown in 
an illustration. The rapid cooling ensured clean surfaces of the joints reducing the danger of contamination 
by passing fast through the oxidising range. The finished tube was vacuum-tight for pressures lower than 
1 x 10-*mm. Hg. After many months of usage the inside surfaces of the joints were still bright, clean and 
uncontaminated. 


Sommaire : Le brazage de joints étanches au vide sur des alliages 4 haute teneur en nickel, comme sur des 
tubes pour spectrométres de masse par exemple, est décrit. 
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Vacuum Sealing Irradiation Containers by Cold Welding 
See Abstract No. : 18/I 


An All Metal Vacuum Valve 


United States. Additional design details are given of a valve described previously by Alpert (see Vol. I Abstract 
154/II). The valve seat is made of copper and the diaphragm of (0.004 inch. thick Monel metal. The body is of 
stainless steel plated with nickel, 0.002 inch. thick, to facilitate soldering. Remarks on the soldering materials 
used are added. The valve stands up to baking at a temperature of 400°C. 


Sommaire : Description de la technique de production d'une vanne a vide entiérement métallique, décrite dans 
Vacuum I, resumé 154/II. 


Valve Arrangement for Vacuum Pump Units 


Liechtenstein. In order to simplify the operation of pumping units, consisting of a diffusion and a mechanical 
pump of the type normally incorporated in high-vacuum processing plant, it is proposed to place the three 
valves required in a separate unit and to control their working position by means of a common spindle operated 
by a hand wheel from outside. The unit consists of a tubular section equal in diameter to that of the diffusion 
pump, fixed to the mouth of the pump. Attached to it on the side is a block with a horizontal channel leading 
into the tubular section, joined by two vertical channels. One of the vertical channels is connected to the 
mechanical pump and the other to the back of the diffusion pump. The spindle running through the horizontal 
channel is connected by a lever mechanism to the valve over the mouth of the diffusion pump and carries 
the other two valves in a position facing each other some distance apart. If the diffusion pump valve is closed 
the valve controlling the connection between the mechanical pump and the diffusion pump is closed automatic- 
ally. Alternatively if the diffusion pump valve is open the valve controlling the by-pass line is closed. 


Sommaire : Une installation a été developpée qui comprend toutes les vannes necéssaires pour l’opération d’un 
ensemble de pompage consistent en une pompe 4a diffusion et une pompe 4a palette, les vannes étant opérées 
a l’aide d’un seul volant. 


29 — MISCELLANEOUS APPARATUS — 29 


Radio-Frequency Mass Spectrometer for Upper Air Research 
See Abstract No. : 20/II 


A Simple Gas-Flow-Control of High Efficiency 
See Abstract No. : 9/I 


A Big Expansion Helium Liquefier 


United Kingdom. The liquefier described is based on the principle of the Simon liquefier which provides for 
the helium gas to be compressed to 100-200 atm., cooled to about 11°K with solid hydrogen and then allowed 
to expand adiabatically. In the present design the helium vessel, a 2-litre steel bottle, rests in a closely fitting 
can which holds the liquid hydrogen. This assembly is surrounded by a third and larger case which is evacuated. 
The whole apparatus is kept in a Dewar vessel filled with liquid oxygen. The helium vessel is fed from two 
1.5 ft.5 cylinders filled to 125 atm. gas and discharged through a ‘drawing-off’ tube fitted with a valve. The hydro- 
gen can is connected to a vacuum pump through a pipe in the axis of the can and, in addition, through the heat 
exchanger. In operation, helium gas released from the cylinders passes through a coil submerged in the liquid 
oxygen before it enters the heat exchanger and reaches the helium vessel. In the initial stages of the operation 
the hydrogen can is filled with liquid air through the central pumping tube and pumped through the heat 
exchanger. When the helium bottle has reached liquid air temperature the liquid air is removed and liquid 
hydrogen introduced. Subsequently, all helium still passing into the bottle is cooled in the heat exchanger 
by the hydrogen vapours rising from the liquid in the can. When the helium bottle has been cooled down 
to liquid hydrogen temperature (20°K.) the hydrogen can is filled to the top and the supply shut down. 
Pumping continues through the heat exchanger for about 15 mins. reducing the pressure in the can to about 
2cm.Hg. Then, the central tube is opened to the pump and pumping carried on for another 20 minutes. The 
charge is now ready for expansion. In the particular case the liquid helium is collected in transport Dewar 
vessels for transfer to the apparatus where it is required. The liquefier produces 1.2 litres of liquid helium per 
expansion starting from 95 atm. and consumes 2.3 m.° helium gas and 5 litres of liquid hydrogen per 1 m$ of 
liquefied helium. The first liquefaction takes 1 hour, all subsequent liquefactions } hour. 


Sommaire : Détails de construction et de performances d’un grand liquéficateur d’hélium a expansion fonction- 
nant suivant le principe proposé par Simon. 


A Vapour Pressure Chart for Metals 
See Abstract No. : 52/I 


34/1 


35/11 


Note by 
8. C. Brown & 
J. E. Coyle 
Rev. Sci. Instrum. 
23, Oct. 1952 
570-571 


36/II 


A. Vogt 
Swiss Pat. 


278,705 


38/11 


Article by 
A. J. Croft 
J. Sci. Instrum. 
29, Dec. 1952 
388-390 


40/11. 


Vacuum 


January, 1953 
Vol. III No. 1 


j 
= 
roa 
Vol. 
1953 
Q- 
° 
39/11 
: 
# 
87 
4 
a 
: 
ay 


VACUUM 
Classified Abstracts 


III — Vacuum Processing Techniques — III 


Abstract No. 
and References 


30 — EVAPORATION — 30 


Product Finishing by Metallic Deposition in Vacuo 

United Kingdom. Recent developments in vacuum pump design facilitated the introduction of vacuum 
processing techniques in industry on an ever increasing scale. The most spectacular advance has been made 
in the field of metallisation. The capital cost of vacuum coating equipment may, in some cases, be higher 
than that required for conventional methods, but the process is simple, quick, and requires the attention of 
semi-skilled labour only. In the vacuum process the temperature of the metal during deposition is relatively 
low and permits the metallising of plastic, wood or paper without destroying the base material. The plant 
essentially consists of a vacuum chamber, a pump unit and a control panel. In some cases two vacuum 
chambers are provided in order to speed up production. The commercially available vacuum chambers range 
from 9 inch. to 36 inch. diameter. The pumps, usually a combined unit of a rotary pump and a diffusion pump, 
have normally a capacity of 100 c.f./min. in the case of the rotary pump, and 1,500 litres in the case of the 
diffusion pump. The operational pressure should not be higher than 10mm. Hg. The mean free path at 
this pressure is approximately 50 cm. allowing for satisfactory uniformity of the coating which is usually about 
10mm. thick. A processing cycle consists of pumping down (10-15 mins.), evaporation (3 mins.) and admission 
of atmospheric pressure {2 mins.). Thus, three loads can be coated per hour in one chamber. The process 
may take longer if the base material contains a high amount of volatile substances. For instance, plastics 
require lacquering to seal off the volatile substances present. Lacquering offers the additional advantage of 
producing a polished appearance of the metal film without special polishing action. Ionic bombardment is 
used to remove dust particles and oil or grease on the surface in order to improve the adhesion of the metal 
film. The coating materials should wet the tungsten filament, normally used as the heater source, to prevent 
the formation of beads by the evaporating material. Aluminium, silver and gold are wetting well. Platinum, 
rhodium and chromium do not wet satisfactorily and, therefore, are frequently plated on to the tungsten 
filament prior to use. Aluminium is the most widely used material for metallisation. In mirror production 
aluminium is superior to silver as it retains its initial reflectivity, due to the formation of a protective oxide 
film. Rhodium shows higher durability than aluminium. A magnesium film with an aluminium film deposited 
on top shows better adhesion than pure aluminium. . A table reproduced below gives the reflectivities of various 
metallised surfaces. 


Metal Wavelength—A ngstroem Units 


Film on A pplication 
Glass 4,000 6,000 8,000 10,000 12,000 


Aluminium Evaporated 90 90 
Platinum Evaporated 45 64 
Rhodium Evaporated 79 81 
Silver* Evaporated 86 94 
Chromium Electro-plating . 65% for white light 


* Fresh film, newly applied. 


Other applications mentioned are :—roll coating for capacitor production and the blooming of lenses. Brief 
reference is made to cathodic sputtering which is carried out at a higher pressure and may be in some cases a 
suitable alternative method for coating where base materials with a high percentage of volatile plasticiser 
are used. 

Sommaire : Revue de Ja pratique de la métallisation par évaporation et projection cathodique d’aluminium, 
argent, or de rhodium en films minces sur verre, métal et plastiques. 


Vacuum Metallising of Metals and Plastics 

United States. The article surveys modern methods of metallising on an industrial scale by the vacuum 
evaporation technique. Special attention is given to the problems involved in metallising plastics. The 
composition of the lacquers required for the process should have the following characteristics: (a) If used for 
undercoating : Good adhesion to the component to be metallised, low residual volatility after setting and the 
specific surface effects desired such as high gloss or wrinkled finishes. (b) If used for top coating : The same 
characteristics as for undercoating and in addition compatibility tor dye tinting procedures, protection of the 
metal deposit against attack from solvents, humidity of the air, ultra-violet exposure and impact resistance. 
Dipping is the usual method of applying the lacquers. The dipping bath should have a viscosity not exceeding 
25 centipoise seconds. This value allows for maximum production extraction velocity. Extraction angle and 
extraction rate must be controlled to facilitate optimum drainage and extraction free from vibration in order 
to eliminate optical distortion introduced by minute variations in undercoat decomposition, The outliné of a 
shop layout is given for the mass metallisation of plastic components on semi-continuous flow lines. 


Sommaire : Article passant en revue les méthodes modernes de métallisation sous vide appliquées au recouvre- 
ment de métaux et de plastiques. 
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Vacuum Metallising in the Plastics Industry 


United States. The improved efficiency of vacuum pumps and recent developments in mechanisation have 
greatly simplified the process of vacuum metallising work. Components can be coated on one side only or on 
all sides, if rotating jigs are used. Paper rolls or sheets can be coated by a continuous process. Lacquering 
has been introduced to prevent excessive outgassing of the plastics and to protect the metal against abrasion 
through handling, but the abrasion resistance is not high enough to give a satisfactory service life for articles 
such as forks and knives. At a thickness of three millionths of an inch the metal film is opaque and has a 
brilliant lustre without the application of any buffing or finishing operation. When the plastic component is 
bent the brilliant lustre disappears but re-appears immediately the component is unbent. The cost of vacuum 
metallising varies from an estimated 1 cent per sq. inch for individual pieces (such as jewellery) to 1 cent 
per sq. ft. for roll-coated paper. The metal coating of thousand pieces is estimated to cost $14 by electro- 
plating, $7 by silver reduction and $3 by vacuum evaporation. The capital cost runs from $35,000 for a 
substantial production plant to $10,000 for semi-production work. Floor space required ranges from 2,000 to 
4,000 sq. ft. for basic equipment including lacquering and baking facilities. 


Sommaire: Revue des procédés de métallisation, traitant en méme temps des mérites économiques du procédé. 


Economical Finishing with Vacuum Metallising 


United States. The large-scale vacuum metallising of glass, metal and plastic components is discussed with 
particular reference to the commercial aspect. Vacuum chambers are now available which are 54 ft. wide and 
4 to 6 ft. long, normally operated in a horizontal position. A chamber of this size fitted with suitable racks can 

' be charged with one or two hundred comparatively large articles or several thousand small pieces. Aluminium 
is the material most frequently used but other materials are also used such as zinc in the metallising of condenser 
paper. The value of the aluminium deposited is generally smaller than the value of the tungsten filaments 
(evaporation sources) consumed in the process as the latter become brittle in operation and have a short life. 
One processing cycle takes up to thirty minutes including loading and unloading of the components. Com- 
parison of costs with other coating methods is restricted as electro-plating, for instance, cannot be applied to 
the metallising of glass and plastics. At the end of the article the advantages of the vacuum process are 
summarised in the form of questions and answers. The following statements are made :—Vacuum metallising 
is applicable to low cost fabricated metal parts made by stamping, spinning, diecasting, slush casting and other 
low cost methods. It is equally applicable to plastics fabricated by any of the recognised methods. The plant 
required is simple to operate. Production is inexpensive and particularly economical with regard to the 
coating materials. Installations are known which facilitate the metallising of about 4,500 gross per hour of 
small plastic or metal items. The metal deposits are not as dense as the bulk material and can be penetrated 
by moisture and solvents. Also, they conduct electricity and heat less efficiently than the bulk material. 


Sommaire : Revue des procédés de métallisation sous vide, couvrant les trois aspects, soit la métallisation de 
verre, de métal et de plastique. 


The Stability of Inorganic Compounds in a High Vacuum 
See Abstract No. : 62/I 


Radiation from Freshly Evaporated Layers of Metals and Salts 
See Abstract No. : 48/I 


The Contamination in Evaporated Films by the Materials of the Source 


United Kingdom. Experiments have been carried out to determine the extent of contamination of an 
evaporated film by the source material. Two methods were used : (1) Micro-chemical analysis of the evaporate 
and (2) the use of radio-active tracer source elements. Method (1) facilitates the detection of a few parts in 
10,000 and method (2) of one part in 10,000,000. An all-metal vacuum system was used served by an oil 
diffusion pump for pressures down to 5 x 10-*mm. Hg and an all-glass system served by a mercury pump (and 
freezing trap) for pressures down to 10-‘mm. Hg. In the microchemical test ‘ Specpure ’ silver was evaporated 
from a molybdenum boat and from a tungsten filament. The films deposited were up to 500A thick and 
were removed from the glass slide by the minimum necessary amount of aqua regia on which the spot tests 
were made. In order to trace molybdenum use was made of the brick red colouration which results from the 
addition of stannous chloride to a mixture of a molybdate solution and potassium thiocyanate. For the 
detection of tungsten use was made of the catalysing effect of tungstate on the decolourising reaction of 
titanium trichloride with malachite green. Below an evaporation temperature of 1,800°C. no traces of tungsten 
or molybdenum were found, but at this temperature just detectable amounts of the boat material were observed 
in some films. The radioactivé tracer technique as presented here, is applied to the detection of tungsten only. 
A suitable isotope is the tungsten isotope 1*7W. With this material the detection limit is as low as 10-%g. 
Details of the experimental procedure are given. Tests with empty boats showed that a considerable amount 
of source material is transferred to the film support, the mass tran$ferred being governed by the pressure in 
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the system. Two possible mechanisms of transfer are discussed : (1) Oxidation of the boat by residual oxygen 
and (2) oxidation by reaction with residual water vapour. The first mechanism was investigated by Langmuir 
but his findings cannot apply in this case as the amount of material transferred is too great. Regarding the 
second, tungsten is known to react readily with water vapour at the temperatures used in the present experi- 
ments so that some transfer of material by this process could be expected. At pressures below 10-*mm. Hg, 
however, and at temperatures near 1,200°C. no tungsten was transferred at all. Thus, at these or any lower 
pressures the tungsten detected must have been carried up with the evaporated material. The results of the 
experiments with silver and germanium deposits are shown in a table, partly reproduced below. (See also 
Vol. II Abstract No. : 33/I). 


Tests in Metal System (Pressure 8-15 x 10-*mm. Hg.) 


Tungsten Source 


Evap. Temp. 
°C. 


Contamination of Film 
x 10 


Evap. Metal 


1,100 
1,410 
1,900 
1,250 
1,470 
1,800 


Silver 


Germanium 


Tests in Glass System (Pressure below 5 x 10-?mm. Hg.) 


Tungsten Source 


Evap. Temp. Contamination of Film 
°C. 108 


Evap. Metal 


Silver 1,200 
1,740 
Germanium 1,200 
1,800 


Figures in brackets indicate direct transfer from empty boats. 


Sommaire : La contamination de films évaporés par le matérial de la source d’évaporation, peut-étre décelée 
par analyse microchimique du film, ou a l’aide d’élements traceurs radioactifs. 


The Design of Optical Filters 
See Abstract No. : 23/I 


Multifilament Vapour Source and Spherical Holder for Interference Filters 


United Kingdom. The arrangement normally used for the deposition of anti-reflection coatings on small 
lenses was studied with a view to obtaining better uniformity of the coating so that it could be used for the 
production of multilayer dielectric filters. In the arrangement the vapour source is on the circumference of a 
circle formed by the spherical lens holder. The angle 9 (extending from the source) over which uniform films 
can be obtained depends on the radius of the circle and the vapour intensity distribution of the source. It is 
difficult to determine the vapour distribution accurately because the geometry of the source surface depends 
on the nature of the material evaporated : Some substances wet the heater source, some form spherical globules. 
In order to obtain a consistent distribution, following the cosine law of radiation from a plane source, the 
vapour emission should be confined to the upper surface of the heater and if this area was small enough, a 
uniform film would be deposited over the inside of the holder. This assumption was confirmed by experiments 
evaporating silver from a shallow circular dimple in a strip~heater on to glass slides in holders of different 
diameters. In a sphere of 44 inch. the transmission of films deposited on glass slides normal to the source and 
60° from the normal was 1.5 and 3.5 respectively. The silver evaporated in the form of a spherical globule. 
but due to the particular shape of the heater free evaporation was confined to the upper surface of the globule, 
thus constituting a virtually plane source. The final experimental arrangement chosen by the authors was a 
spherical holder of 5} inch. radius placed in a small vacuum chamber of 12 inch. diameter and 14 inch. height. 
Silver films deposited within p=24% had a transmission varying from 18 to 18.4% increasing to 19% for 
¢=50°. The mean thickness decreased by 5% from the centre to the edge of the holder. o=24° represented 
the useful region for the production of 3-—layer filters made from zinc sulphide and magnesium fluoride. Nine 
filters of 1} inch. diameter could be processed in one operation. The remainder of the note deals with the 
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design of a turret which carries four evaporation sources, each of which can be moved into the same pre- 
determined position by means of a vacuum-sealed shaft drive passing through the chamber baseplate. A 
graph is shown giving the transmission curves of filters produced with the help of the new turret. The maximum 
transmission displacement was 60A. 

Sommaire : La distribution du depot comme fonction de l’évaporation d’une source est étudiée en vue de 
faciliter des dép6éts 4 haute uniformité dans la production de filtres interférentiels. 


Interference Filters in Optics 
See Abstract No. : 25/I 


Glass Surfaces in a High Vacuum 
See Abstract No. : 23/II 


Glare-Reducing Glass for Goggles 
See Abstract No. : 27/I 


Light Transmissive Electrically Conducting Optical Articles suitable for use as a Lens, a Window or Windshield, 
or the Like 

United States. The application to glass of an electrically conducting coating suitable for lenses, goggles, 
windshields, etc. which are used in freezing weather is described. The purpose of the coating is to prevent ice 
formation resulting from the condensation of warm air without an appreciable loss in light transmission. 
2,000 to 4,000 BTU per sq. ft. are required to prevent icing on a glass surface in an aeroplane, for example. 
This is equivalent to 4 kW for a window of the size of 4x 1 ft. The material to be deposited must be highly 
conductive, therefore, and for this reason metal was chosen: It was stipulated that the electrical resistivity 
of the film should preferably be less than 100 ohms per square and definitely not more than 150 ohms per square 
and its light transmission should not be less than 50%, preferably near 70%: Only gold, silver, copper, iron 
and nickel were found to have the required properties. Deposits of these materials about 100A thick on glass 
direct showed bad adhesion, low conductivity and a change of the colour of the transmitted light. The latter 
two characteristics were attributed to the non-continuous structure of the films. But, if an intermediate 
layer was applied to the glass first, consisting of a metallic compound such as a metal oxide, metal sulphide 
or metal halide, the conducting film showed good adhesion, excellent conductivity and a continuous structure. 
The intermediary oxide film, normally only a few molecules thick, was highly adherent to the gtass. It could 
be applied by evaporation, by oxidation of the pure metal im situ or by cathodic sputtering in an atmosphere 
which contains some oxygen. [ts electrical conductivity was poor. The conducting films produced in accord- 
ance with this invention have a thickness from 5 to 50 molecules and withstand a voltage of 110, 220 and 440 
volts without breakdown by hot spotting. The preferred material is gold. The resistance properties of the films 
are expressed in ohm per square area. Ifa film has 100 ohm per sq. this value applies regardless of whether 
the square is 1 inch on the side or 1 foot on the side. The voltage required can be obtained from the formula 
E=¥4/wWr, where W is the amount of energy applied to a square of treated glass 1 sq. ft. in area and R the 
resistance. The windows should be short in one direction and long in the other. Attaching the electrodes to 
the long edges offers the advantage of having a number of resistances connected in parallel. It is estimated 
that 1 square foot of window in an aeroplane needs 800 watt at 100 ohm requiring a supply of 283 V_ In the 
case of a motor car the figure is about 75 watt. In the case of goggles worn by a man at walking speed a supply 
of 6 V. is required. A number of examples are given in a table, which is partly reproduced below. 


Ctd. 


Metal Protective Elect. Trans- 


Adhesive 


Example Layer Film Coat Resist. | mission Side Side 
Mat. Thickn. Mat. Thickn. Mat. Thickn. Reflect. | Reflect. 
4 4 4 Q % % % 
1 ZnO 4 Ag 32 — — 75 75 12 6 


Ag 
Cu 
Au 


Cu,0 
Ag,O 


Gold 
Oxide 


48 
40 


Al,0; 87 60 17 11 6 


41 A1,0;5 87 Au 48 


Sommaire : Brevet couvrant la production de films conducteurs sur des pare-brises etc. pour le dégivrage. 
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‘On the Problem of Reflection Reduction in Optical Glass at Light Incident at an Oblique Angle 
See Abstract No. : 26/I 


Crystal Growth and Orientation in Deposits Condensed from the Vapour 
See Abstract No. : 31/I 


Deposition of Metal on a Non-Metallic Support 


United States. A description is given of a roll-coating plant for the deposition of metals on strips of cellophane, 
paper, textile fabrics, etc. In the past equipment of this type provided for the strip to be heated superficially 
only. In the present design the heat penetrates the body of the material completely in order to remove volatiles 
but at a temperature which prevents embrittlement, 7.e. the complete removal of the plasticiser in the material. 
The plant consists of a feeding, an evaporation and a collecting chamber. The first contains the roll of material 
to be coated from which the strip is unwound and guided through a number of electrical heater elements which 
simultaneously heat both sides of the strip. In the third chamber the metallised strip is wound on to a 
bobbin holding the finished material. The feeding and the collecting chamber should be at a pressure of 50-500 
micron Hg and the evaporation chamber at a pressure of 0.4 micron Hg. Aluminium, magnesium, silver, 
copper, gold, tin and zinc can be used as coating materials. The heater elements are arranged in such a manner 
that the area of the strip being heated at a given time is appreciably greater than the area of the strip being 
coated at the same time. 


Sommaire : Description de la construction d’un appareil de métallisation sous vide de rubans de cellophane par 
déroulement continu. 


Apparatus and Process for Forming a Metal-Free Stripe on a Web of Metal-Coated Sheet Material 


United States. The equipment described is designed to produce a metal-free stripe on a band of metal-coated 
material such as zinc-coated condenser tissue paper. Reference is made to a previous patent (B.P. 563,080) 
which provides for stationary electrical conductors which burn off the metal on the strip passing underneath 
without damaging the paper. In the present arrangement the band travels at a speed of approximately 200 ft. 
per minute. On its way from one roll to another it comes into contact with electrodes of a width equal to that 
of the desired metal-free stripe. A number of these electrodes, shaped like a knife, are fitted around the 
circumference of a wheel of insulating material which is rotated by a motor in the direction opposite to the 
movement of the band. A brush similar to a commutator brush energises two electrodes at the same time. 
The energy is supplied from a battery, the positive side of which is grounded. Correspondingly one guide 
roller of the plant is grounded. Thus due to the potential difference (20 volts) arcing takes place between the 
metal surface and the electrode as soon as contact is made. Asa result the metal in the area affected evaporates 
and condenses on the tip of the electrode. Each electrode is in contact with the band over a length of one foot. 
The next electrode contacts the band before the previous one is disengaged but no arcing takes place until 
the second electrode comes in touch with the metal. The metal which has condensed on the tips of the 
electrodes is removed by a motor-driven brush placed in a suitable position along the path of travel of the 
electrodes. 


Sommaire : Description d’une méthode permettant l’obtention de raies non metallisées sur des rubans couverts 
d’un film métallique pour usage dans la production de condensateurs. 


Catalysis on Evaporated Metal Films. The Efficiency of Different Metals for the Reaction Between Ammonia 
and Deuterium 


See Abstract No. : 49/I 


New Methods for the Determination of the Optical Constants of Metals 
See Abstract No.: 29/I 


The Electrical Resistivity of Thin Tin Films with Lattice Defects 


Germany. The correlation between resistivity and thickness of tin films prepared by evaporation is established 
quantitatively for thicknesses in the range of 200-2,000 A and condensation temperatures below 200°K. A 
change in the rate of evaporation does not appear to have any effect. The increase of resistivity of the film as 
the thickness decreases is interpreted in accordance with the theory proposed by Fuchs. The influence of the 
lattice defects on the overall resistivity value has been taken into account. The number of electrons in a 
fixed position along the boundary faces diminishes as the temperature of condensation increases. The values 
for the mean free path of the conducting electrons and their concentration have been calculated. The minimum 
value of conductivity which can be measured corresponds to a critical layer thickness which is governed by the 
condensation temperature. Conductivity of that order is facilitated by contacts between crystallites of a well 
defined magnitude. 


Sommaire : La résistance électrique de films d’étain minces ayant des défauts de structure est étudiée. 
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The Influence of the Electrical Field on the Performance of Thin Films 


France. It is well known that thin evaporated metal films change their electrical resistance value subsequent 
to deposition. This change depends on three factors: Recrystallisation, adsorption and chemical action of 
ambient gases. The shape of the curve showing the changes of the resistance values as a function of time is 
controlled by the thickness of the film, 7.e., by its structure (agglomerated or continuous). There are three 
distinct phases: (1) Showing a sharp increase of resistivity, (2) the increase slows down and (3) the resistivity 
has settled at a specific value and remains steady. The authors investigated the behaviour of an agglomerated 
aluminium film and agglomerated and continuous silver films exposed to an electric field in a vacuum of 10-® 
mm. Hg. Details of the experimental procedure are given. In the case of agglomerated silver films the 
previously reported stepwise changes of the resistivity resulting from the presence of the electrical field have 
been confirmed. In phase (3) AE/ Ap, was smaller than O but in phase (1) and (2) AE/ Ap. was found to be 
greater than O. 


Sommaire: Recherches sur l’effet d’un champs électrique, sur les propriétés électriques de couches minces 
meétalliques. 


Contribution to the Study of the Conductivity of Silicon 


France. The resistance of thin films of Si (up to O.3u thick) was measured under varying conditions of applied 
and duration of application of the field. The resistance/applied field variation was interpreted as being due to 
a high capacity between the electrodes and the film and also between the grains of the film. For the thicker 
films (0.07 to O.3u) the mean value of the resistivity was 5 x 106 ohm cm. which could be compared with the 
intrinsic resistivity at room temperature, 0.25 x 10° ohm cm. 


(Science Abstracts) 
Sommaire : Les propriétés électriques de films minces en silicone ont été étudiés. 


Titanium Dioxide Rectifiers 
See Abstract No.: 15/I 


Thin Glass Layers as Supports for Electron Microscopy 


Belgium. Usually Formvar or Collodion layers are used as substrate materials for specimens in electron 
microscopy. In the course of an investigation on the structure of thin metal films the authors used thin glass 
layers as an alternative substrate material. The glass layers were produced by heating a small closed glass 
tube, blowing it out and catching the glass flakes floating to the floor in a small water tank. Micrographs are 
shown of two silver films, one sputtered on glass, and the other on Formvar. The appearance of the structure 
is similar in both cases but the grains and the distance between the grains are somewhat larger on glass than 
on Formvar. The substrates were made from Jena Gerate Glass 20 and had a thickness of 950A. 


Sommaire: La production et l’emploi de couches minces en verre comme supports pour films métalliques 
évaporés est brévement deécrite. 


Colour in Electron Microscopy 
See Abstract No. : 19/II 


Pre-Shadowed Replicas for Electron Metallography 
See Abstract No. : 17/II 


Unbacked Thin Films 
See Abstract No.: 18/IV 


31 — CATHODIC SPUTTERING — 31 


A Mechanism for Sputtering in the High Vacuum Based upon the Theory of Neutron Cooling 


United States. A Philips gauge type ion source was used to measure the number of atoms sputtered per incident 
ion for silver metal in argon. Details of the arrangement are given and a diagram of the circuit used is shown. 
The target was bombarded with a constant beam current for a specific time and the number of metallic atoms 
sputtered was determined by weighing. After a bombardment lasting 3,000 seconds at 3,480 volts and a positive 
ion current of 54 »A the target had lost 1,458 yg. i.e. 7.9 atoms were sputtered per each incident ion. In terms 
of energy a 4,000 volt ion has sufficient energy to sputter 975 atoms. This is the order of the number of 
collisions required to cool a 4,000 volt argon atom to 40 eV. If the silver lattice was considered to be a 
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moderator, it could be assumed that the argon atom loses its energy by a diffusion collision process and the 
above results could be interpreted in terms of the neutron diffusion theory. The calculations of the author based 
on this theory give values which agree closely with the experimental values in the case of silver bombarded by 
argon ions. A similar relation appears to exist for sputtering of aluminium, lead and copper, when used as 
cathode materials in an ionisation gauge discharge in argon. 

Sommaire : Recherches théoriques et expérimentales sur l’effet de projection cathodique que présentent des 
ions d’argon dans l’argent et en appliquant la théoric de la diffusion des neutrons 4 ce probléme. 


Electron Discharge Devices 

United Kingdom. The Sb layer for production of a Cs-Sb photocathode is obtained by sputtering Sb in H and 
applying Cs without exposure of the formed layer to air. Sensitivities of more than 50 microamp./lumen are 
thus obtained. (Chemical Abstracts) 


Sommaire : Méthode de production d’une photocathode au Cs-Sb. 


Light-Transmissive Electrically Conducting Optical Articles Suitable for Use as a Lens, a Window or Windshield 
or the Like 
See Abstract No.: 13/III 


Product Finishing by Metallic Deposition in Vacuo 
See Abstract No.: 1/III 


33 — IMPREGNATION — 33 


Impregnation Improves Casting Quality 

United States. Air in voids is removed under high vacuum. The sealant, a mixture of 500—mesh metallic 
flour in Na silicate, is introduced until castings are covered. Then air pressure at 100 lb. per sq. in. is applied, 
producing a below surface invisible impregnation. Castings so treated withstand higher operating pressures 
and temperatures than castings impregnated with plastic. The operating temperature can be as high as 
700°F. The process is designed primarily to seal microporositv. (Chemical Abstracts) 


Sommaire : Méthode d’imprégnation de piéces de fonderie sous vide. 


36 — DRYING — 36 


Aspects of the Evaporation and Drying Process in the Glue and Gelatine Industry 


United Kingdom. Theory and practice of evaporation and drying techniques employed for the processing of 
liquors in the glue and gelatine industry are discussed in detail. Evaporation is carried out at reduced 
pressure in order to increase the number of vapour molecules escaping from the surface of the liquid by reducing 
the chances of collision with the surrounding gas. Another reason is the labile nature of the protein liquors. 
Degradation of the liquors is a time-temperature phenomenon particularly conspicuous when evaporating at 
atmospheric pressure where the liquid is subject to a high boiling point. Single-effect evaporation at reduced 
pressure offers little saving on energy, as the heat transfer coefficient decreases rapidly with the lowering of 
the boiling point. But the capacity of the plant is greatly improved. If two operations of equal transfer 
coefficient are compared, one working at atmosphere and the other at a vacuum of 26 inch., the capacity of the 
latter will be found to be 7} times that of the former. The multi-effect evaporator has a high economy at the 
expense of capacity. A double-effect evaporator will evaporate the same quantity of liquor per unit time as a 
single-effect evaporator with half the steam consumption but double the heating surface. There are rising and 
falling film evaporators, the latter representing the latest developments. The single-effect evaporator remains 
at a constant low temperature throughout the operation. The multi-effect plant has a low temperature only in 
the last effect. For this reason double-effect evaporators only are used in the gelatine industry but in the 
glue industry triple- and quadruple-effects are used. In concluding his discussion of evaporation the author 
gives an account of the cost of evaporation in a table reproduced on the next page. 
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Approximate Evaporation Costs to Produce 100 Tons of Glue or Gelatine 


Single- Effect 


Double- Effect 


Triple Effect Quadruple- Effect 


Without With Without With Without With Without With 
Type of Thermal Thermal Thermal Thermal 
Evaporator Com Compression Compression Compression 
£ £ £ 


Steam 460 ‘ 233 307 148 
Water 303 150 155 91 115 64 99 40 
Electricity 16 8 8 8 8 8 8 8° 
Depreciation 43 40 42 39 47 45 65 63 

Maintenance 4 5 6 7 8 9 10 11 


663 


TOTAL £ 489 270 


Initial Liquor Concentration 


Final Liquor Concentration .. 50% 

Steam Costs per ton of steam produced 18/6d. 
Water Costs per 1,000 gallons .. 1/6d. 
Depreciation— years of assumed life .. 
Capacity of Plant in yallons per hour . . 400 gal 


As evaporation is less costly than drying it is usual in the gelatine and glue industry to evaporate to as high a 
percentage as possible. Before drying can start the protein liquors have first to be gelled. The latest method 
to effect this, the barrel process, is described in detail. Drying should aim at reducing the moisture in the 
material to the equilibrium moisture content required for safe storage over a prolonged period. The equilibrium 
moisture content is defined as the amount of moisture in the material which is in equilibrium with the water 
vapour in the surrounding air. The table, reproduced in part below, shows the difference in moisture absorption 
of various materials. 


Practical Equilibrium Moisture Contents of Varying Types of Gelatine and Glues 


Temp. Gelatine Skin Glue Bone Glue 55g. Bl. 
Ash Chlorides Ash Chlorides Ash Chlorides 
1 9 53 Content | (as Sodium Content | (as Sodium Content | (as Sodium 
Chloride) Chloride) Chloride) 

65° F. 3.1% 2.9% 3.94% 1.23 % 


1.95% 1.8% 


Relative 
Humidity 


33% 10.02 10.15% 7.65 % 
63° 16.28 % 16.10% 14.68 9, 
74% 18.98% 20.18% 19.00 % 
81% 21.45% 22.30% 21.87% 


The total drying time is determined by the following factors : the constant drying rate, the critical moisture 
content and the falling drying rate period. The first applies to the evaporation of free water, the second 
constitutes the moisture content at the end of this period and the third covers the time required for reduction 
of the wet area of the material. A tentative explanation of the drying mechanism is given and illustrated in 
diagrams. Evaporation in the final stages of drying is seriously affected by case hardening phenomena: The 
moisture diffusion to the surface is reduced below the rate of evaporation from the surface and an increase in 
air velocity has no effect. Glue and gelatine in sheet form are dried in tunnel driers. Drying cabinets are used 
for ‘ pearl’ or cube glue. Spray drying offers great advantages but has a low thermal efficiency. Drying by 
infra-red and dielectric heating is also mentioned. The author concludes with remarks on the potential uses of 
freeze-drying in the gelatine and glue industry. It prevents denaturation and an undesirable concentration of 
salts frequently observed during the drying of protein solutions. Details of the technique are discussed. The 


product of freeze-dried gelatine is extremely pure, of the same volume as the liquor from which it is derived Paper by 
and consequently instantaneously soluble in cold water. In conclusion, the author calls for a method to be kK. M. Vyner 
developed whereby protein liquors can be evaporated and dried in one economical process. _ 
Sommaire : Article detaillé sur la théorie et les emplois pratiques des procédés d’évaporation et des procedés de rons 1952 


séchage, avec référence particulitre aux conditions régissant dans |’industrie de la colle et de la gélatine. 


Vacuum Dryer for Drying of Temperature-Sensitive Materials Supplied in Paste Form 


Germany. A vacuum chamber is described which contains an endless conveyor belt on which a paste of the 
material to be dried is deposited in serpentine form by means of a specially designed charging device of the type 
known as Archemedes Spiral Feeder. Heating is supplied by radiation from pipes carrying circulating gases 
or liquids. The pipes are arranged all round the belt in order to prevent its temperature from dropping while 
travelling in the reverse direction. The dried material is removed from the chamber by suction. The plant is 


A. Haltmeier 


recommended for use with paint material. & Farben- 
Sommaire: Description d’une cloche a vide contenant un tapis roulant pour le séchage de peintures etc. Germ. Pat. 
en pate. 820 130 
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37 — METALLURGICAL PROCESSES — 37 


The Stability of Inorganic Compounds in a High Vacuum 
See Abstract No. : 62/I 


Thermal Etching of Iron and Steel 
See Abstract No. : 59/I- 


Distillation of Metals 
Australia. Equipment is described for the recovery of zinc from lead, in particular bullion, which has been 
previously de-silverised by the addition of zinc. It consists essentially of a large pot filled with a pipe leading 
through the centre of the bottom for connection with the vacuum pump. The distillation vessel rests in a 
circular brick structure and is closed air-tight by a water cooled cover which carries an annular water-cooled 
condenser almost reaching the bottom of the pot. A spreading tube is fitted between the wall of the pot and 
the condenser, welded to the vessel at the lower end. A short distance above the spreading tube a control ring 
of the same diameter is fitted. The metal to be treated is kept in an open tank connected to the pot by a pipe. 
As soon as the vessel is pumped down the metal enters the vessel under the action of the atmosphere. On 
reaching the upper edge of the spreading tube it flows down the inside of the spreading tube in a thin film at a 
speed governed by the position of the control ring. At this stage the zinc is progressively evaporated from the 
molten lead and if the flow is properly adjusted with respect to.the depth of the vessel the desired amount of 
zinc will have been removed before the lead reaches the bottom and is drained off. The temperature of the 
processed metal is about 500-700°C. The temperature of the condenser is kept below the melting point of 
zine (420°C.) and as a result the zinc vapour condenses in the form of a solid collar. In order to recover the 
zinc, the vacuum is broken and the lid with the condenser removed. An alternative design is shown providing 
burners at the bottom of the tube to counteract excessive cooling down of the processed material during 
evaporation, if required. 

Sommaire : Méthode de distillation developpée spécialement pour la récuperation de zinc dans le plomb aprés 
désargentage de celui-ci. 


Purifying Titanium Sponge by Vacuum Distillation 
United States. The titanium sponge obtained after reduction of titanium tetrachloride by magnesium in the 
Kroll process contains about 15% of magnesium chloride. In order to remove the magnesium chloride a vacuum 
distillation process has been developed which is an adaptation of Kroll’s method for the purification of zir- 
conium. Four steel retorts were provided, 19 inch. diameter, 78 inch. long, operating at 0.5 micron Hg pressure 
and a temperature of 1,700°F. The lower end of the retort was closed by a removable water-jacketed baseplate, 
and formed the condenser. A water-cooled pipe in the centre supported the charge which was contained in a 
basket 18 inch. diameter and 25 inch. high, perforated with a series of holes through which the distillate could 
escape. A 6 inch. outlet near the bottom of the retort connected with the pumping unit via a manifold. The 
pumping unit consisted of a 2-stage oil diffusion pump backed by a rotary pump of 100 c.f.m. capacity. The 
diffusion pump had a pumping speed of 1,200 c.f.m. at 1 micron Hg and could produce an ultimate pressure 
of 0.001 micron Hg. The heating jacket, 43 inch. diameter and 54 inch. high, consisted of a cylindrical steel 
shell fitted with a resistance heating grid. The clearance between the jacket and the retort was 1.5 inch. 
This space was fully enclosed in operation and evacuated to about 200 micron Hg in order to avoid collapse of 
the retort walls. The heater grid consisted of an upper and a lower section of 25 kW each. The charge was 
made up from chips of raw titanium mixed with residual and magnesium chloride and unreactive magnesium 
from the reduction operation. After loading and evacuation the heat cycle was started. Within 4 hours 
1,700°F. were reached and maintained for about 24 to 48 hours. During the run the pressure was observed to 
rise temporarily to about 2 micron Hg. Including allowance for cooling the total cycle took 4 days. After 
completion of the run the basket was removed to an air-conditioned room where the sponge was extracted. 
Re. maintenance it is stated that the pumps needed no repairs during the whole period of observation, i.e., 16 
months. No replacements for inner components of the retort were required for at least 100 runs. The mild 
steel retorts coated with an anti-corrosive on the outside could be used for about 40 heats. The results of the 
treatment depended on processing time, operational temperature and pressure. The optimum time appeared 
to be 24 to 30 hour.. If the operating temperature was reduced from 1,700°F. to 1,650°F. it took twice as long 
to remove a given amount of magnesium. The limited heat resistance of the basket holding the charge 
prevented the use of higher temperatures. Changing the pressure appeared to make little difference to the 
product, but good results were also obtained at a pressure of 17 micron Hg and 1,700°F., if the heating period 
was extended to 48 hours. It was concluded that within limits very high vacuum neither improved the quality 
nor the rate of distillation. The latter was governed by the rate at which the megnesium and magnesium 
chloride entrapped in the material was able to diffuse to the surface. The following is an analysis of the product 
after a treatment of 24 hours: Mg = 0.04% C1,=0.075% N,=0.009% and Fe=0.045% (by weight). The 
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plant had an output capacity of 90 lb. of titanium sponge per day. Its power consumption was 20 kWh per 
Ib. of titanium and the rate of production was 4.3 Ib. of titanium processed per manhour. The article has been 
compiled from Report No. 4837 of the U.S. Bureau of Mines. 


Sommaire : Article décrivant en détail la purification de mousse de titanium produite par le procédé Kroll, 
réduisant la teneur en magnésium et en chlorure de magnésium, de 15% a moins de 1%. 


High Vacuum Melting. Recent Continental Developments 


Lichtenstein. Details are given of a vacuum melting furnace which can be operated at temperatures up to 
2,000°C. Two sizes, 20 lb. and 240 lb. capacity are available. The electrical rating is 40 kW and 100 kW 
respectively. All three operations, charging, melting and pouring are effected in vacuum. The heating system 
is of the induction type. The crucible can be tilted around an axis at lip level pouring direct into a mould 
positioned below the lip. The vacuum chamber is fixed and has a diameter of 24 inch. in the case of the small 
plant and 3 ft. 7 inch. in the case of the large plant. The furnace is designed for the primary purpose of 
producing high quality alloys. To facilitate this a hopper charging device is fitted which feeds the constituent 
materials into the melt as required. The pumping unit consists of a two-stage backing pump and a three-stage 
diffusion pump with baffle valve. Pumping down to 10-*mm. Hg requires six minutes in the case of the small 
plant and nine minutes in the case of the large plant. 


Sommaire : Détails d’un four a vide poussé avec une capacité jusqu’a 240 lbs. et opérant 4 des températures 
jusqu’a 2,000°C. 


A Novel High Vacuum Furnace 


Canada. A small furnace is described which was developed specially for studies on high temperature oxidation 
of iron. The furnace is made of glass, cylindrical in the centre and parabolic at both ends. It is 9 inch. long and 
4 inch. in diameter. The ends carry an aluminium film deposited by evaporation on the outside. A Globar 
radiant heater is fixed in the focal area of one reflector and the specimen in the focal area of the other. The 
Globar heater is held in position by platinum wires which are spot welded to tungsten leads connected to a 
60 c/sec. variable power supply and amperemeter, a glow coil acting as a ballast resistor. The maximum 
current is 1.5 A. The specimen is supported by two wires which serve at the same time as connections to a 
chromel-alumel thermocouple, the junction of which is spot welded to the specimen. The specimens normally 
consist of foil 0.25 mm. thick, 10 mm. wide and 12 mm. long. Details of experimental work carried out in the 
furnace are given. The total power input is about 10 watt. The price of the material required for building the 
furnace is about $10. A competent glass blower can assemble it in half a day. 


Sommaire : Description d’un petit four a vide spécialement développé pour des études d’oxidation du fer aux 
hautes températures. 


Two Laboratory Furnaces for Melting Titanium Alloys 


United Kingdom. To facilitate studies of the mechanical properties of titanium-based alloys, two furnaces 
were constructed for the vacuum melting and casting of specimen material at temperatures of approximately 
1,800°C. The first, a vertical graphite resistor furnace was based on the design of W. J. Kroll and the U.S. 
Bureau of Mines. The heater element, a graphite tube, was 9 inch. long, 34 inch. wide, and had a wall thickness 
of lcm. The tube was split from the bottom to within 2 inch. of the top. Each side of the tube was supported 
by a water-cooled copper segment with hollow electrical conductors brazed on to it which carried cooling water 
at the same time. The base plate was of brass. Three concentric radiation screens were used, made of molyb- 
denum, nickel and stainless steel respectively. The graphite crucible fitted the graphite tube and had a 
# inch. hole at the bottom sealed initially with a titanium plug. During operation the plug would melt last, 
allowing the molten charge to pour into a water-cooled copper mould bolted to the centre of the baseplate. 
As molten titanium wets graphite a few drops remained near the hole in the pot after pouring and blocked the 
hole for the next charge. Two 2 inch. mercury diffusion pumps in parallel, backed by rotary pumps, were used 
giving an ultimate pressure of 3-5 x 10-*mm. Hg under operational conditions. The power supplied could be 
varied from 5-22 kW. The size of the charge was 300 g. and a full melting cycle took 14 hours. The titanium 
processed in this furnace picked tp 1% of carbon from the crucible. In order to obtain specimen materials 
substantially free from contamination the second furnace was designed for arc melting. The electrode consisted 
of } inch diameter tungsten rod brazed into a copper disc and clamped in a holder the position of which could 
be controlled by handle bars from outside. The lower part of the furnace contained the water-cooled hearth 
plate made from copper in a water-cooled copper casing, and the vacuum inlet. The hearth plate was retractable 
and could be detached in order to remove the ingot. Before starting melting operations the furnace was 
evacuated by means of a rotary pump to 5 x 10-*mm. Hg. then argon flushed and finally filled with argon at 
400mm. Hg. Next a scrap piece of titanium was melted in the mould for gettering purposes and removed after 
use. Then the compacts comprising the charge (20 g. each in the case of unalloyed titanium) were successively 
placed in the mould and melted. The ingots produced in this manner had a weight of about 2 lb. and the 
dimensions 1.5 x 2x8 inch. The power for the arc-melting furnace was supplied by a d.c. welding generator 
with a range of 0-400A. 


Sommaire : Un four a résistance de graphite et un four de fusion a l’arc pour le titanium sont décrits. 


Molybdenum Wound Hydrogen Atmosphere Furnaces 
See Abstract No. : 55/I 
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38 — DISTILLATION — 38 


The Technique of Vacuum Still Operation 
United States. Distillation at reduced pressure permits the separation of high boiling oils at temperatures 
sufficiently low to avoid the danger of thermal cracking. The overhead products and side products from the 
vacuum distillation of crude oil can be used for the production of lubricating oils or as catalytic or thermal 
cracking charge without further treatment. The bottom products are normally made into heavy fuel oil or 
asphalt. Ifa propane de-asphalting unit is used in conjunction with a vacuum still the separation of lubricating 
oil can be effected at even lower temperatures than in straight vacuum distillation. The preliminary data 
required for the design of a vacuum distillation column, such as pressure, temperature and steam consumption, 
can be derived from flash distillation curves obtained on either batch or continuous laboratory stills.. Opera- 
tional temperatures are usually not higher than 850°F. Steam requirements are largely determined by economic 
considerations. For example, a distillation tower run at a very low pressure needs a large cross-sectional 
diameter to keep the vapour velocity down. Also, the pumping plant is larger and thus the maintenance 
costs go up. Suitable pumping means are : Mechanical pumps, barometric condensers and steam jets. Usually 
a combination of steam jets and barometric condensers is chosen. The major factors governing the design of 
vacuum columns are discussed briefly. In general, the tower must be designed to reduce the residence time of 
the processed material to a minimum. When the pressure is rising during operation, it is often difficult to 
locate the cause of the trouble. One possible cause is low steam pressure. The jets will not work properly, if 
the steam pressure falls below the minimum value for which they are designed. Another cause could be leaks. 
If necessary, leaks can be traced by putting pressure on the vacuum tower for a short time. Finally, cracking 
can cause a pressure rise. Diagrams are shown of three commercial vacuum units together with an analysis of 


the products obtained in them. Article mi 

Sommaire: Revue générale des points devant étre surveillés lors de la construction et l’opération d’un groupe de : set gl 

distillation pour la séparation d’huiles au point d’ébullition élevé, a température réduite. Trois ensembles sont 31, Jan. 1952 
103-106 


illustrés en forme de diagrammes. 


44/111 


Rectification at Reduced Pressures 
United States. Little has been published so far on rectification in packed towers at reduced pressures. Previous 
investigators have found that performance at reduced pressure is better than at atmospheric pressure, but the 
experiments referred to were carried out in laboratory-size equipment. As it could be expected that certain 
factors such as pressure drop and liquid distribution have a considerably gteater influence on equipment of 
pilot plant size the authors used comparatively large columns in their experiments. The system employed was 
orthodichlorobenzene—orthodiethylbenzene. The vapour-liquid equilibrium. although known from previous 
publications, was re-determined in an Othmer still modified for vacuum work. The values obtained are given 
in three graphs showing relative volatility against composition for 10, 50 and 100mm. Hg pressure respectively. 
From this data a large chart was prepared for relative volatility against pressure with composition as a para- 
meter which served as a means of interpreting the results of the rectification runs carried out in the course of 
this study. Two columns were used, one of which was 6 ft. high and 3 inch. in diameter. The packing consisted 
of 4 inch carbon Raschig rings. The packed section was 63 inch. high and contained 10,200 pieces per ft.*. 
The free volume was 73%. An ordinary shower-type reflux distributor was installed at the top of the packed 
section. Initially the column was run at high temperature for about 30 minutes to ensure complete wetting of 
the packing. Then the heat input was reduced to the desired level, pressure adjustments completed and the 
column allowed to run for about 3-4 hours to obtain equilibrium. Forty-eight rectification runs were made in 
the range of 16-100mm. Hg. The results are expressed in terms of Hoc (height of transfer unit based on 
overall driving force in gas phase) and Kga (transfer coefficient based on overall driving force in gas phase) 
and show that pressure has a great effect on Hog. In the interpretation of the authors this indicates temper- Article by 

ature effects of an order of magnitude which would not occur if the gas film was of controlling importance. It ‘H. Bliss, 

is concluded, therefore, that the liquid film is the controlling factor. These findings agree with those of A. M. Eshaya & 


Sherwood and Holloway published in Tvans. Am. Inst. Chem. Engrs., 36, (1940), 39. The minimum tower N. W. Frisch 
height required for rectification operations in the most favourable pressure region was found to be 44mm. in Chem. Engng. 
the case of the system used in the present experiments. 
ec. 
Sommaire : Recherches sur les performances de tours a distillation pendant la rectification. . "627-632 


Improvements in the Simple Distillation of Fatty Acids by Continuous Methods 45/111 


United States. A vacuum plant is described for the continuous distillation of fatty acids. The crude fatty acids 
are fed to a dryer and de-aerator where the material is heated to about 200°F. at a vacuum of 26-28 inch. Hg. 
Subsequently the processed material reaches the stripping column where the volatile components are removed 
In order to avoid polymerisation to tars or cracking to hydrocarbons the temperature in this process must be 
low and the residence time of the material in the still a minimum. This is achieved in the present plant by 
providing for a single pass only and fitting bubble trays of a design, where the heat is applied through the 
trays themselves by condensing Dowtherm vapours within the trays. An illustration of the trays is shown. 
The pressure in the column is 5mm. Hg. The maximum temperature to which the material is exposed is 
625°F. The residence time varies from one minute for the acid vaporised from the top tray to about 30 minutes 
for the residue collecting at the bottom. In the conventional direct-fired pot still residence times extend up to 
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48 hours. The crude fatty acids carried by the vapours are removed in a centrifugal entrainment separator 
by means of stationary baffles. After leaving the separator the vapours contain no more than 0.03% of 
entrainment. The pressure drop in the separator is less than Imm, Hg. The vapours are condensed in two 
tube-and-shell type condensers arranged in series. The pressure drop per condenser is less than Imm. Hg. 
A wet scrubber in the exhaust line of the condenser recovers fatty acids which may be present in the exhaust 
stream. Before discharge to atmospheric storage tanks the material is cooled in order to avoid oxidation. 
Up to 50% of the residue may consist of unsplit fat and up to 25% of free fatty acids. All surfaces of the 
plant in contact with the processed material are of stainless steel or Inconel. The vacuum is produced by a 
four-stage ejector system. The plant described requires 40% steam, 40% water, 20% fuel oil and 10% man 
hours of that required by a conventional pot still of the same capacity in the range of 2,500-5,000 Ib. p. hour 
throughput. The performance of the plant is indicated in tables showing operational data for the processing 
of tallow fatty acids, red oil, soya bean fatty acids, cotton seed fatty acids and coconut fatty acids. 


Distillation of Coconut Fatty Acids 


Feed Residue Remarks 


Yield, as FFA in 
965 lb. 96.5 % | 9387 1b. 99.7 % 3 Ib. 5 % | distillate=97% of FFA 
in feed. 


Distillate 


Free Fatty Acids 
MW 209 ... ae 


Unsaponifiable 5 lb. 0.5 % 3lb. 03% | 30)1b. 50 % | Yield, including rerun of 

Material ... as distilled split residue = 
‘ 955 distillate +45 Ib. tar. 

Unsplit Stock... 30lb, 3.0% Qlb. 0.0% | 27 Ib. 45 % 

Total 1,000 lb. 100 % | 940 lb. 100 % 60 1b. 100% | Colour of  distillate= 


1R/8Y to 3R/12Y (53 
inch. Lovibond) 


Sommaire : L’on décrit en détail un appareillage simple, nouvellement développé, pour la distillation d’acides 
gras en opération continue et les valeurs du rendement sont données pour différents matériaux. 


39 — MISCELLANEOUS PROCESSES — 39 


Light-Transmissive Electrically Conducting Optical Articles Suitable for Use as a Lens, a Window or Windshield 
or the Like 


See Abstract No. : 13/III 


On the Preparation of Magnesium Targets from MgO 

United States. Magnesium isotopes in the form of MgO can be readily obtained but due to its high melting 
point this material is not suitable for the production of thin targets to be bombarded in accelerators such as 
the Van der Graaff generator. It can be reduced with aluminium in vacuum but too much aluminium is 
present after reduction to permit (p. y) studies of magnesium. Experiments were conducted with a variety of 
other metals until it was found that metallic magnesium was evaporated after heating MgO to incandescence in 
troughs of graphite, tungsten or tantalum. A tantalum strip was finally used } inch. long, 4 inch wide and 
0.0015 inch. thick. On this strip 15 mg. of MgO was spread over a width of 4 inch. The target was placed 
about 2 inch. above the tantalum strip and kept at a temperature below the melting point of magnesium. 
Deposition started when the tantalum strip was white hot. The area covered by the deposit was approxi- 
mately 6 sq. inch. Targets roughly 10 kev thick were obtained by this method. 


Sommaire : Description d’une méthode de confectionnement de minces cibles en oxyde de magnésium devant 
étre bombardées dans des accélérateurs de particules. 


Introduction to the Vacuum Concrete Process 


France. Vacuum treatment given to concrete during setting is a process developed originally in the U.S.A. 
If it is applied to pillars 9 ft. high,and 1 sq. ft. sectional area, for instance, the shuttering is covered with a 
simple filter made from fabric and wire mesh which is connected to a mechanical vacuum pump driven by a 
9h.p. electric motor. As soon as the concrete is filled in, in the normal way, pumping is started. Asa result the 
concrete is immediately compacted, and its upper surface sinks. During pumping an appreciable amount of 
water is extracted from the concrete. After about 15 minutes the concrefe has become self-supporting and the 
shuttering can be removed. The effect of the vacuum treatment is not a suction phenomenon, it is a phenomenon 
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of compaction. The pumping creates a wave of depression in the circulatory system of the concrete (as distinct 
from the assembly of solids called the skeleton) which proceeds at a rate of approximately } inch per minute. 
Normally in a given zone of fresh concrete the atmospheric pressure is counter-balanced partially by inter- 
granular pressure in the skeleton and partially by the pressure of the fluid present in the minute channels. 
The pressure taken up by the fluid is generally greater than that taken up by the aggregates of the skeleton. 
Pumping has the result that the skeleton has to bear what the fluid no longer supports. Consequently, the 
solid elements of the skeleton approach each other more closely and a form of shrinkage takes place. The 
interstitial fluid which in the untreated concrete is a water-cement paste becomes pure water in the present 
process. Immediately after pumping the cohesion of the concrete has a pseudo-solid character. Its compression 
strength is of the order of 20 Ibs. per square inch. It reaches final strength after 9 days whereas untreated 
concrete requires 28 days. The surface of the treated concrete is free from voids, bubbles or honeycombs. 
Examples of the practical scope of the process are given. 


Sommaire : Le procédé du béton au vide utilisé dans le batiment est expliqué en détail. 


Vacuum Cooling Saves Costly Process Time 
United States. The method of cooling by vacuum evaporation is currently employed in a great number of 
food processing factories. The required vacuum can be obtained either by rotary pumps or by steam jet equip- 
ment. When using rotary pumps it is essential to provide for proper condensers to avoid the evaporated 
moisture reaching the pump. Where steam is available the steam jet refrigeration method has proved to be 
most efficient and dependable requiring comparatively small initial expense. The steam-operated ejectors, 
connected to the chamber where cooling is to take place, create a vacuum which lowers the boiling point of the 
liquid present. At this reduced temperature rapid evaporation takes place and as a result the remaining liquid 
is cooled. Normally the procedure involves a weight loss of the processed material up to 10%. The vapours 
are carried by one or more steam jet boosters into a barometric condenser. The capacity of the plant depends 
on the temperature level at which it operates. For instance, a unit which can chill one hundred gallons of 
water per minute from 45 to 40°F. will cool approximately 120 gallons per minute from 50 to 45°F. The 
conventional jet and condenser equipment employed for drying is not suitable for cooling processes. Special 
equipment has to be designed taking into account the volume of the products to be cooled per unit of time, 
the temperature range characteristics of the product, steam pressure and the supply and temperature range of 
available condenser water. The amounts of steam at 100 psi and cooling water at 85°F. required to evaporate 
one pound of water at various pressures are shown in the following table :— 


Suction Pressure Water 
(Inch. Hg abs.) (Lb. p. hr.) (Gallons p.m.) 
0.10 110 25 
0.30 80 9 
0.50 75 5 
0.75 70 4 
1.00 3 


Five typical applications are mentioned. One refers to the cooling of large pieces of cooked meat. Previously, 
the meat, at a temperature of 200°F. was placed in cold storage rooms of the conventional type. After 48 
hours the centres of the large pieces were still warm, resulting in spoilage. After a switch to steam jet refrigera- 
tion the temperature of the meat was reduced to 40° in one hour with a temperature differential between 
centre and surface of the meat not exceeding 10° in the case of the largest pieces. Weight loss due to evaporation 
was about 8 to 10%. Another application mentioned is the cooling of lettuce. Immediately after harvesting 
the lettuces were stacked and placed into a chamber 7 ft. wide and 45 ft. long. The chamber was evacuated by 
a 40 h.p. rotary pump to a4 pressure of approximately 29.8 inch. Hg. As a result the surface moisture in the 
lettuce was evaporated and its temperature lowered to 32°F. The weight loss incurred was about 3%. Lettuce 
treated in this manner can be packed in paper cartons. No top icing during transport is required, freeing the 
space for storage of produce. The other three applications mentioned refer to processes in the sugar refining, 
vinegar and brewing industries. 

Sommaire : Revue des méthodes de réfrigeration par le vide a l'aide d’éjecteurs 4 vapeur et leur utilisation pour 
le refroidissement de denrées manufacturées. 


Vacuum Treatment of Fish after Precooking- Removes Undesirable Moisture and Odours 
United States. Vacuum applied in the pre-treatment of some kinds of fish for canning achieves the low moisture 
content required for sardine type of packings, removes odours and cools the fish as a result of the evaporation 
process. Steam ejectors and a barometric condenser connected to three cannery retorts could be used to pre- 
treat a thousand cases of 48 one-pound cans each per eight hour day. The capital required for a plant of this 
size amounts to about $5,000. 

Sommaire : Il a été developpé une installation permettant d’obtenir une faible tenance en humidité du poisson 
si sa mise en conserve est effectuée sous vide. 
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The Semi-Continuous Deodorisation of Oils in All-Glass Equipment 


United States. Two semi-continuous all-glass vacuum deodorisers have been constructed and tested. One 
operates on a bubble-cap principle. The other is constructed from a modified 15-plate Oldershaw distillation 
column, Both columns effectively deodorise oils and remove fatty acids, but the latter has the higher capacity. 


(Chemical Abstracts) 
Sommaire : Détails sur deux désodoriseurs semi-continus en verre. 


Newly Developed Pilot-Plant Batch Deodoriser Has Many Uses in Vegetable Oil Research 


United States. A batch deodoriser with a working capacity of 300 to 600 lb. is briefly described and shown 
diagrammatically in a sketch. The unit is built for operational temperatures up to 450°F. and pressures down 
to 29.7 inch. It consists essentially of a shell approximately 6 ft. high and 30 inch. wide containing two sets 
of internal coils connected in parallel for Dowtherm heating and cooling and a stainless steel ring drilled with 
holes for the introduction of blowing steam. Means are provided for admission of inert gas. The vacuum is 
produced by a three-stage steam ejector and barometric condenser. - The water from the barometric and 
intermediate condensers and steam exhaust from the booster ejector discharge into a hot well which is baffled 
for the recovery of entrained material. 


Sommaire: Bréve note décrivant une machine pilote, nouvellement développé pour la désodorisation en groupe. 
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40 — GASES AND VAPOURS — 40 


Mathematical Theory of Electrical Discharges in Gases 
See Abstract No.: 11/I 


Infra-Red Molecular Emission Excited in a Glow Discharge 

United States. Near infra-red radiation was observed to originate from CO, gas maintained at more than 
20 mm. Hg pressure in a Geissler tube when an a.c. discharge of 3,000 V and 22 mA was applied across the 
tube. The spectrum of the radiation passing through a NaCl window sealed into the tube was recorded by 
means of a spectrometer with an LiF prism and PbTe photo-conducting cell and is shown in a graph covering 
the range from 2,000 to 5,000 cm.'. Three distinct bands were noticed, one at 2,300 cm.-!, another at 3,600 
cm.-! and finally a very weak one at 5,000 cm.-!. As the pressure rose the intensity of the infra-red radiation 
increased. The phenomenon is attributed to vibrational transitions in molecular gases. 


Sommaire: L’émission infra-rouge de CO, dans une décharge alternative. incandescente a été étudiée. 


Spectroscopic Study of Small Samples in a Hollow-Cathode Discharge 
See Abstract No. : 47/I 


Heat Conductivity of Gases at Low Pressures 
Germany. The heat conductivities of H,, O,, A,CH,, C,H, and C,H, were measured at 10-$mm. Hg pressure. 
The higher hydrocarbons had higher conductivities than the lower, and H,, which has the highest heat 
conductivity of any gas at normal pressure, had a smaller value than any of the hydro-carbons. This suggests 
that heat transfer between gas and wall varies greatly for the different gases, depending on the degree of 
adsorption. 


(Nuclear Science Abstracts) 


Sommaire: La conductivité thermique de différents gaz aux pressions comprises entre 10- et 10-'mm. Hg a 
été mesurée. 


Diffusion Measuring Meter 
See Abstract No.: 24/II 


A Simple Gas-Flow-Control of High Efficiency 
See Abstract No.: 9/I 


A Big Expansion Helium Liquefier 
See Abstract No. : 39/II 


41 — FREEZE DRYING — 41 


Sublimation and Pseudo-Sublimation 


France. Sublimation has never been used on a substantial scale in industrial production until the freeze drying 
method entered the pharmaceutical industry and food processing field. This explains why so little is known 
on the mechanism of the practical sublimation process compared with older methods such as evaporation. 
The author investigates the conditions as they apply in practice which he terms pseudo-sublimation. A block 
of pure ice placed in an evacuated chamber fitted with a condenser will evaporate if heat is applied and re- 
solidify on the condenser, if the temperature of the latter is sufficiently low. To facilitate this the pressure 
in the vessel must not be higher than the vapour pressure of the ice at the temperature of sublimation. In 
practice however, the presence in the ice of the dispersed solid to be dried complicates matters. As is known 
the finished dried product shows a porous structure. During the process of sublimation the water vapour 
originating from the moisture contained in the solid product has to flow through the interstices in the material 
in order to reach the free space in the chamber. Therefore, the lower the pressure in the chamber, the more 
readily is the vapour extracted from the solid. But there is a limit to the vacuum applied in the process which 
is given by the vapour pressure of the ice at the condenser to prevent re-evaporation. Pressure is not the 
only governing factor. The rapidity of the flow through the pores of the solid material depends also on the 
distribution of the heat in the moisture to be sublimed, and this in turn depends on the heating method applied 
and the nature and structure of the material to be dried. Referring to the pressure-temperature diagram 
accompanying the article showing the triple point and the transition curves for the solid, liquid and vapour 
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state of water, the author states that the speed and the efficiency of the sublimation process can be improved 
in practice, if the operation is carried out in the zone where the cohesion forces between the molecules or the 
ice are weakened, 7.e., where the temperature has been increased to a value which causes the solid to come 
near to melting. In theory, the best conditions are those obtaining at the triple point where the temperature 
is the highest possible and the cohesion of the material reduced. Here, the mechanism of sublimation consists 
of melting of the ice, followed immediately by evaporation. In practice, the maximum temperature to be 
applied is the highest permissible for the material to be dried. This pseudo-sublimation is more easily obtained 
than proper sublimation in accordance with the theoretical concept and represents the conditions as they 
apply in practice in the majority of freeze drying processes. 


Sommaire : Les conditions rencontrées dans la pratique lors de la sublimation par un procédé industriel, tels 
que la lyophilisation, sont examinées et il est trouvé qu’en raison de leur nature, il s’agit d'une approximation 
de la vraie sublimation, une pseudo-sublimation. 


Aspects of the Evaporation and Drying Process in the Glue and Gelatine Industry 
See Abstract No. : 33/II 


The Moisture Content of Dried Plasma and its Determination 


Switzerland. The author discusses the factors which influence the residual moisture content of dried plasma 
during the drying process and subsequent storage and reports on the efficiency and suitability of three well 
known methods of determining the residual moisture content. In production care should be taken that the 
layer thickness is uniform and not more than 18 mm. thick, that the freezing temperature is low enough to 
prevent thawing and that the formation of solid ice between the material and walls of the container is avoided. 
The heat applied should spread evenly through the material. The operational pressure should not be higher 
than 5 x 10mm. Hg. The moisture content of dried plasma depends on three factors :—(a) the temperature 
of the condenser surface, (b) the maximum temperature permissible for the treatment of the product and 
(c) the vapour pressure characteristics of the residual moisture content in the finish-dried product. Reference 
is made to the work of various investigators who developed methods of determining moisture in biological 
substances, e.g., Benedict and Manning, Porcher, Holme, Kerstow, Flosdorf and Webster and finally Karl 
Fischer. In a preliminary series of experiments the author investigated the hygroscopic behaviour of dried 
plasma and some of its fractions and vice versa the liberation of moisture from dried plasma in the presence of 
desiccants. Two compositions were used : a plasma containing 6% glucose (excluding blood sugar) after drying 
and a plasma to which 43% of glucose (with respect to the finish-dried product) was added during processing 
as is normal in Switzerland. The initial moisture content of the specimens used in the first experiment was 
between 0.5 and 2%. It was found that the amount of water taken up by the plasma during the first 15 mins. 
rose linearly with time, but in an experiment taking 662 hours water was still being taken up even after that 
period. The plasma with low glucose content took up more moisture than that with high glucose content. 
Finally, more water was taken up if the plasma was lumpy, of the type resulting from freeze drying. In the 
second experiment it was found that comparatively large quantities of moisture were liberated in the initial 
stages but after a few hours the amount evolved was much smaller. The plasma with a high glucose content 
liberated water faster than that with a low glucose content. Finally, it took equally long for the moisture to 
be extracted from the interior as it took the moisture to penetrate into the interior of the material. The follow- 
ing three methods of moisture determination were investigated : (a) The method prescribed by the U.S. 
Pharmacopeia which provides for desiccation in the presence of phosphorus pentoxide in a vacuum desiccator, 
at a pressure of Imm. Hg and room temperature, (b) the method proposed by Thomann and Kaelin which 
provides for the plasma samples to be weighed into a distillation flask, and to be covered with xylol solution 
saturated with water. The xylol is distilled off into an adaptor, the base of which forms a capillary. The 
capillary is calibrated so that the amount of water which is collecting there due to its higher specific gravity 
can be measured. Finally (c) the Karl Fischer method is investigated which has been adopted as the official 
method by the French. All details of the method are given. In the table reproduced below the results obtained 
with these methods are compared. 


Comparison of the Results of Three different Methods of Moisture Determination Giving the Water 
Content (in %) Traced in Specimens of Identical Composition 


Karl Fischer 
Method 


Thomann and Kaelin 
Method 


With 40% 
Glucose 


USP XIV 
Method 


With 40% 
Glucose 


Specimen 
No. 


With 6% 
Glucose 


With 6% 
Glucose 


With 40% 
Glucose 


With 6% 
Glucose 


0.4 0.6 
0.6 0.5 
0.6 


wow 
— 


The author comes to the following conclusions: the Karl Fischer method is the best. The method (6) is of 
little use, because the boiling point of the xylol is too high for the purpose (140°C.). Method (2) suffers from 
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the drawback that no time limit can be fixed for the completion of the test. In all three cases it is necessary 
to open a bottle for the purpose of the test, sacrificing the whole content of that bottle. The author, searching 
for an alternative method, believes that a test of the water vapour pressure of the material in the bottle could 
form the basis of a more satisfactory method and reports on preliminary experiments in that direction. 


Sommaire : Un article approfondi sur les différentes méthodes principales de détermination de l’humidité 
contenue dans du plasma sanguin, applicable au plasma qui vient d’étre séché autant qu’au plasma conserve. 


Isotopic Method Determines Water Content 
See Abstract No. : 43/I 


Process for the Desiccation of Labile Aqueous Materials 
United States. The freeze drying process normally consists of two distinct stages. In the first stage the 
moisture present in the processed material in the form of free ice is removed and the moisture content reduced to 
25-5°%. Various methods of heating the material during this stage are known, a.o. dielectric heating as 
proposed in the U.S.Pat.2,513,991. The present invention is concerned with the second stage which aims at 
the reduction of the moisture left in the material after the first stage, to 2-0.5%. Where heat is applied 
by conduction this process takes 12 to 36 hours, and may cause overheating of the processed material. It is 
proposed to use a high frequency electric field of 10 to 20 Mc. for supplying the heat during this stage. This 
frequency range is lower than that recommended for the first stage, therefore higher pressures can be used 
without the danger of arcing and ionisation and an operational pressure of 2to3inch. Hg isrecommended. With 
this form of heating the temperature of the material can be raised to O°C. or above, without damage to the 
processed material. The equipment required for the new method can be fitted to most canventional freeze 
drying apparatus and consists of 2 plates in contact with the processed material insulated from each other and 
connected to a suitable high frequency supply. When during the first drying operation the temperature of the 
material rises above its freezing point, the high frequency electric field is switched on and removes rapidly 
the small portion of water still held by the material. No overheating can take place as heat is generated only 
in the wet parts of the material. I. .s claimed that the new method reduces the processing time to a period 
not exceeding three hours. 

Sommaire : On propose d’utiliser des sources de hautes fréquences a 10-20 M.cycles pour l’amenée de chaleur 
pendant la deuxiéme période du procédé normal de séchage. 


Vacuum Dehydration of Streptomycin 
See Abstract No. : 7/II 


45 — ELECTRONICS — 45 


Glass Surfaces in a High Vacuum 
See Abstract No. : 23/II 


Transfer of Anode Metal in D.C. Non-Sparking Discharges in High Vacuum 
United States. It was established in previous investigations that high voltage breakdown between electrodes 
occurs as a result of a positive ion current flowing from anode to cathode. The authors of the present investiga- 
tion found that in addition there is an actual transfer of metal from the anode to the cathode during the non- 
sparking discharge. They used radioactive material (Cu®) to prove this phenomenon. It appeared that most 
of the metal crossed the gap as aggregates of atoms which were not ionised. An all-metal vacuum system 
was used in the experiments served by a two-stage mercury pump with a capacity of 85 1./sec. The total 
pumping speed for condensable gases was approximately 1000 1.,/sec. A liquid nitrogen trap was provided. 
The ultimate base pressure of the system was 1 to 3X 10-‘mm. Hg. The electrodes were of copper, cylindrical 
in shape (1 inch radius) and hemispherically capped. The gap between the electrodes could be varied from 
outside with the help of sylphon bellows to a precision of + 0.05mm. The electrode drain was monitored by 
an amplifier unit in conjunction with a recorder. The total charge transfer was registered by a coulomb 
meter consisting of a d.c. amplifier combined with a watthour meter. The power supply consisted of two 
60 kV 10 mA supplies. An electroplating technique was used in order to overcome the difference in counting 
rates (1: 10°) of the cathode and anode. The anode material was removed from the electrode by an etching 
process and plated on to platinum discs of | inch. diameter. The weight of the copper was determined by 
weighing the platinum disc before and after plating. These measurements were precise within 0.2 mg. But 
in the case of the cathode the counting rates were so slow that counting had to be carried out directly. The 
amount of material transferred was determined from the formula W=W,D./D, where W is the mass of the 
material and D the decay rates of the active material on the cathode (D.) and anode (D,). Another formula 
is given for the calculation of the number of atoms transferred during the discharge. Typical results of the 
experiments, shown in a table partly reproduced below, seem to indicate that the material is removed from the 
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anode by an evaporation mechanism, and that the spacing of the electrodes and the voltage gradient are 
more likely to be the factors controlling the amount of material transferred than the total gap voltage. Gap 


Summary of Counting Data 


Spark Coulomb 


(?) | Counting | Rates Matal* Egivalent 
Spacing | Voltage | Gradient | Transfer D- Dz Transferred of Metal in @ 
mm kV /em. c. c/min. ¢/min. g. Transfer 


100 70.4 7.56 | No 350,000 8.7 x10-* 1.3 x10-§ 1 
50 143.0 1.69 x10-| No 10 88,000 6.8 x10-* 1.0 x10“ 


* For 0.62 milligram anode sample. 


current fluctuations were observed but did not appear to be associated with the approach of breakdown. 
Suggestions are made, how to improve the techniques employed by the authors for future experimental work 
on the subject. 

Sommaire : Le transfert de métal de l’anode vers la cathode avant l'effondrement du vide est indiqué par des 
expériences décrites dans ce rapport. 


15 MeV Linear Accelerator 
United Kingdom. The machine (at Harwell) a 
Cu wave-guide. A pressure of 10-* atm. is ma 
netron in 2 psec pulses. The electrons bombard a m 
photoneutrons from Be. These are utilised in a II 


ccelerates electrons on the travelling waves in a 20-ft. corrugated 
intained in the system. The j 

etal target and the bremsstrahlung produce 2 usec bursts of 
00-channel time of flight s 


Sommaire : Description de l’accélérateur linéaire de 15 MeV en fonction & Harwell. 


Unbacked Thin Films 


United States. In order to obtain reliable measurements of nuclear reaction cross sections in gas targets under 
Ta i e 


bombardment by charged particles at 50 kev energy, windows are required which t ut 
excessive scattering and loss of energy. Working at high energies one might be able to elimin he window 


altogether but at low energies a window in the form of a thin film is indispensable. he particular case 
quoted in the article the material was required to be gas tight, withstand 1 mm. pressure, transmit a I wA 
beam of 30 kev deuterons with a root mean square scattering angle of less than 10°, have a stopping power 
which remains constant under bombardment and be uniform across the surface. An aluminium film of 9 
ug/cm.* mass thickness equal to about 90 atoms satisfies the scattering requirements but the stopping power 
of aluminium rises rapidly during bombardment (400 ev per hour) most likely due to reaction with residual 
oxygen content. Silicon monoxide was finally chosen as the material. According to Hass it has a homo- 
geneous amorphous structure with a mean distance between atoms of approximately 3.6 A and excellent 
strength. Films of 8ug/cm.* thickness were prepared. By means of a method of investigation described 
in detail the films were found to contain 1.2 to 1.6 oxygen atoms per silicon atom, indicating p 
to SiO,. The films were deposited by vacuum evaporation at a pressure of 10-*mm. Hg on a Zapon t 
20 to 30 ug/cm.* thickness. The evaporation temperature was 1,700°C. Half the Zapon backi 
removed by bombarding the film with a deuteron beam of an ion current of 0.1 pA at 50 kev energy bu 
remainder was stable. For operation in vacuum the film had to be freed from static charges by 
emitted from a gun nearby, but when gas was used on one side of the film, the ionised gas disc 
In experiments with hydrogen as the target silicon monoxide windows were used of 8 mm. diameter. A 5p: 
beam was passed through the window. The pressure differential was 3 mm. Hg. At an energy of 30 kev. I 
the beam was scattered through an angle of less than 7°. The mean energy loss was 6 kev. The stoppin 
power of the window was sensitive to the deposition of residual vapours. After liquid air traps had b 
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re 


a 
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w 


Vad 


fitted it changed at a rate of 100 ev p.h. in vacuum and at a rate of 500 ev ph. if gas was present. Silico 
monoxide has only one drawback in this application: It is chemically unsaturated and therefore liable to 
change. 

ions transversales 


Sommaire: Les usages des films de SiO sans couche de base en rapport avec les mesures de sect 
de réactions nucléaires, lors du bombardement d’ 


objectifs gaseux. 


47 — GLASS PROCESSING — 47 


High-Conductivity Glass-to-Metal Seal 
United States. Kovar-to-glass seals are widely used in the construction of power tubes, but are liable to 
become excessively hot at high frequencies due to electrical losses in the glassed-metal surfaces. This can be 
largely counteracted by plating the seals with a metal of a higher conductivity than Kovar. The author 
reports on the design and experimental performance of Kovar seals plated with copper and chromium. The 
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seals were produced as follows : the Kovar parts were plated with copper to a thickness of 0.0013 inch. and 
then fired in hydrogen. Subsequently the parts were plated with chromium to a thickness of 0.00005 inch. and 
fired again in hydrogen. Finally the parts were oxidised in a hydrogen atmosphere. The thickness of the 
copper plating is limited by effects on residual strain in the glass, whereas the chromium should be thick 
enough to prevent oxidation right through the layer not to endanger adhesion to the copper. The copper has a 
higher thermal expansion coefficient than Kovar, thus the copper layer is subjected to strain during temperature 
changes. This effect is small in the direction parallel to the plated layer but comparatively large in the per- 
pendicular direction. The difference in contraction between the glass and the copper plated part of a cylindrical 
Kovar seal is large in the radial direction but small in the axial and tangential direction. A 2 inch. diameter 
copper-plated Kovar cylinder of a wall thickness of 0.03 inch. resisted temperature variations from boiling 
water to liquid air, but fractured under slight thermal shock if the thickness of the copper layer was increased 
to 0.0035 inch. However, flange seals made to Kovar with 0.02 inch. wall thickness and a copper plating of 
0.0035 inch. showed only moderate glass strain after annealing and proved very shock resistant. The effect 
of thick chromium plating was investigated. It appeared that thick chromium plating alone might be usefully 
employed for alloys in seals to soft glasses as its thermal expansion is similar to that of the sealing alloys. 
Details are given of the testing equipment and the testing procedure designed to measure the seal heating. 
The testing plant could accommodate a seal of 1 inch. diameter and permitted the measurement of radio 
frequency currents up to 27 ampere per inch. of seal circumference at 120 Mc/sec. Seals of the highest con- 
ductivity showed a temperature rise of 40°C. where unplated Kovar seals showed a rise of 500°C. Table 2 
(reproduced below in abbreviated form) gives the values of the current required per inch. of seal circumference 
at 120 Mc/sec. in order to produce a temperature of 40°C. in the seal. It demonstrates that the chromium 
thickness of a copper-chromium plated seal has no influence on the conductivity of the plated seal at 120 
Mc/sec. and that its current carrying capacity at that frequency is 5 times that of the unplated seal. 


R-F Heating of Seals Made to Plated and Unplated Kovar. 


Plating Thickness Current for 40°C Rise 
Copper Chromium in Seal Temperature 
Inches Inches Amperes per Inch 


0.002 
0.0015 
0.0012 
0.0004 0.0001 
No Plating 


Sommaire: La construction et les caractéristiques de joints Kovar-verre, revétus de cuivre ou chromé sont 
discutées. 
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